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Technical Notes 


Zirconium-95 in Utah Vegetation Produced During the 


1966 Growing Season’ 


R. C. Pendleton and R. D. Lloyd? 


An unexpectedly intense gamma-ray peak at 
about 0.76 MeV was observed in a number of 
vegetation samples collected throughout Utah 
during 1966. These samples had been counted in 
February 1967 for the determination of cesium- 
137 levels. The spectrometer used consisted of a 
400-channel pulse-height analyzer receiving sig- 
nals from a pair of 8-by 4-inch Nal (TI) crystals 
housed in a 6-inch thick steel shield and operating 
in concert (/). Counting data were analyzed by 
using computer techniques (2). All samples had 
been stored in double plastic bags since collection 
and the outer bag was removed just before the 
sample was counted. A few samples were repack- 
aged in new containers and were recounted. No 
diminution of their 0.76 MeV peaks was produced 
by this procedure. In many samples, the peak 
at about 0.76 MeV dominated the gamma-ray 
spectra (figures 1 and 2). Some of the samples had 
been collected more than 8 months prior to 
counting, nearly four half-lives of zirconium-95, 
which was suspected as being responsible for the 
peak. Since no highly contaminating nuclear event 
was known to have occurred locally in 1966 and no 
announced ventings occurred in our area after 
April 1966, it seemed unlikely that a large amount 
of 65-day half-life zirconium-95 would have been 
present in significant amounts. 

Four representative samples were selected for 
serial counting in an attempt to determine the 


1 This investigation was supported by U.S. Public Health 
abd Research Grant RH-00030, Bureau of Radiological 
ealth. 


2 University of Utah, Salt Lake City, Utah. 
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NET C/50 MIN/20 KeV CHANNEL 


NET C/50 min/20 KeV/ CHANNEL 





12,000 SAMPLE 9-206 


3.612 kg PASTURE VEGETATION 
COLLECTED 14 JUNE 1966 


10,000 4 COUNTED 5 FEBRUARY 1967 


—— 0,76 MeV 2°27 +9°Nb 
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PHOTON ENERGY, MeV 


Figure 1. Photon spectrum of a typical vegetation 
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GAMMA RAY SPECTRUM 

SAMPLE 78-112 : 0.809 kg BALER DUST 
COLLECTED 7 JULY 1966 
COUNTED 15 FEB 1967 
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PHOTON ENERGY MeV 


Figure 2. Photon spectrum of a baler dust sample 
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radioactive half-life of the unknown emitter. 
Serial counting of these samples from February 
to October 1967 yielded an average half-life of 
68.4 + 6.2 days in agreement with the 65-day 
value for zirconium-95, but very different from 
the tabulated half-lives of other suspect radio- 
nuclides exhibiting gamma-ray energies of about 
0.76 MeV (3). 

No evidence of zirconium-95 was found in 
environmental samples collected in 1965. Only 
very small amounts of the nuclide (80 to 660 
pCi/kg) were found in samples collected in the 
fallout tract of the “Pinstripe’’ event in southern 
Utah during April 1966. Inspection of collection 
dates for the 1966 vegetation samples suggested 
that the contaminating event probably occurred 
between May 14 and June 13, 1966, since samples 
collected May 14 at station number 60 showed no 
detectable zirconium-95, but samples collected at 
the same location on June 29 averaged about 14 
nCi/kg, and those obtained at other locations on 
June 13 or later also contained this radionuclide. 
Much of this contaminated vegetation had not 
yet grown at the time of the “Pinstripe” venting 
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Figure 3. Sampling locations of dairy farms 


and was collected far from the area of the fallout 
track. Maps of the location of origin for each 
contaminated sample showed that zirconium-95 
had been widespread throughout the State of 
Utah (figure 3). 

Table 1 lists the announced nuclear detonations 
during May and June 1966 (4-5). The Chinese 
device was detonated in the atmosphere and the 
United States tests were all underground. None 
of these underground explosions were reported to 
have vented. 


Table 1. Announced nuclear detonations in May and 


June 1966 


Location Yield 
(kilotons) 


| Nevada Test Site | 
Nevada Test Site | <20 
Nevada Test Site 20-200 

| China | 200-1 ,000 
Nevada Test Site | <20 

| Nevada Test Site | 
Nevada Test Site | 

| Nevada Test Site 

| Nevada Test Site | 
Nevada Test Site 
Nevada Test Site 

Nevada Test Site 


<20 
Nevada Test Site 200-1 ,000 


Measurements made by the Utah State Depart- 
ment of Health (6) of gross beta radioactivity in 
air for Utah sampling stations for May and June 
1966 did not reveal elevated air concentrations of 
radioactivity during the period May 14 to June 13 
(table 2)*. Data from 19 sampling stations showed 
that radioactivity was detected in Utah air 
during the period, May 14 to June 18, but this 
was also true of March and early April when, 
presumably, no contaminating events occurred. 
For only 6 of the 19 Utah stations was the May 
maximum the highest of this 4-month period, and 
for 3 of the stations the May maximum was the 
lowest. Only a single station (Moab) exhibited a 
maximum which was significantly higher than the 
monthly average in mid-May when fallout from 
the third Chinese test was reported to have 
reached the Intermountain area. (7). Nine stations 
showed a maximum during the final 9 days of the 
month, but only 2 of these values (Parowan, 
Monticello) were much higher than typical maxi- 
ma for the State during March. The exact date of 

3 Data in table 2 illustrate the clear-cut way in which the 
relatively small amount of fallout from the “Pinstripe” event 
was detected by this sampling network during the last week 
in April 1966. Utah stations in the fallout track were Cedar, 
Garrison, Monticello, Price, Provo, and Richfield. However, 


entry of the much more intense fallout from the May 9 
Chinese test can not be similarly seen in the data for May. 
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Table 2. Dates and concentration of maximum measured gross beta radioactivity in the air at 19 Utah locations 
during March—June 1966 





March 


Station 
Date of 
maximum 


Maximum 
(pCi/m*) | 


Bryce (PHS)>___- 
Cedar (PHS) - - 
Delta (PHS) 
Dugway (PHS) 
Garrison (PHS) 
Logan____-- 
Logan (PHS) 
Moab-__ 
Monticello (PHS) 
Ogden _ 

Parowan (PHS) 
Price _ _ 

Provo (PHS) 
Richfield 
Roosevelt (PHS) 
Salt Lake (PHS) 
Salt Lake (RSN)e 
St. George___ 
Wendover (PHS) 


Ww te to 


Com hom BON OOm to woots 
> 00 II ATbO Oe 


Date of 
maximum 


14, 16, 21 


Ap-il May 


Maximum 
(pCi/n 


Date of 
maximum 


Date of Maximum 


Maximum 
maximum (pCi/m*) 


(pCi/m*) 


15 
29 


30 
4 
16 


18 
27, 29, 30 


mh Re mts 
Loam who 


CANOHARS 


Wee NWOAD 
SRR RN OR RK RK NWN O Or WY 


tom Oo SII tO Goto 


i= 00 89 00 





® Source of data: Utah State Department of Health Document SDH-San-109-10/66, October 1966 (field estimates). 
b Stations marked ‘‘PHS” were operated cooperatively with the U.S. Public Health Service. 


¢ PHS Radiation Surveillance Network station. 


this contaminating event cannot be deduced 
from these data. Therefore, the concentration of 
zirconium-95 in each vegetation sample was 
corrected for radioactive decay to June 1, 1966, 
for purposes of comparison (table 3 and figure 3). 

Data supplied by the Southwestern Radiolog- 
ical Health Laboratory (SWRHL)‘ indicate that 
calculations of air beta-concentrations, based on 
their evaluation of these same filters at varying 
times after removal from the air samplers, are in 
serious disagreement with values reported in 
reference 6. Their estimates of air beta concentra- 
tions are higher in some cases and lower in others. 
In general the SWRHL data suggest a very 
long-term but chorologically varying exposure of 
the Utah air sampling network to freshly-produced 
fallout from mid-May to mid-June 1966. This is in 
agreement with the expectation that the May 9 
test on the Chinese mainland was responsible for at 
least part of the radioactivity detected. 

Several vegetation samples had been collected 
in southern Utah on April 30, 1966, following the 


4 Melvin W. Carter, Southwestern Radiological Health 
Laboratory, personal communication. 
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April 25, 1966, venting of an underground nuclear 
detonation at the Nevada Test Site (9). Small quan- 
tities of the short-lived fission products, iodine-131, 
ruthenium-103, and zirconium-95, were detected 
in these 5 samples when counted on May 3, 1966. 
Dairy cattle in Utah were generally not grazing 
on open pastures at the time of the April 25, 1966 
venting. The absence of significant amounts of 
iodine-131 in milk was confirmed by gamma-ray 
analysis of milk from several Salt Lake dairies 
and milk farms which showed iodine-131 in vege- 
tation samples, However, cattle were on pasture 
by June, and the deposition of fresh fission pro- 
ducts on vegetation during this time should have 
indicated by sharply rising iodine-131 levels in 
milk. The U.S. Public Health Service Pasturized 
Milk Network data for May and June 1966 
showed only tiny increases in Utah milk (to 20 
pCi/liter only and not until June 7 and 17) (9-10). 
Although the concentration of zirconium-95 in 
1966 forage vegetation (table 3) was similar to that 
in samples collected following the Nevada tests of 
July 1962, iodine-131 milk levels were much higher 
in 1962 (up to 62,500 pCi/liter for milk contributed 
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to the Salt Lake milk pool) (see equation 3 and 
table 1, farm #60, in reference 12). During the 1962 
incident, vegetation and milk were collected from 
a number of Utah dairy farms (11, figure 3). In two 
cases, vegetation and milk had been obtained from 
a farm at about the same time. For one, the 
vegetation contained about 24,000 pCi/kg of 
zirconium-95 and the milk had about 5,000 pCi/ 
liter of iodine-131; for the other, the vegetation 
contained about 17,000 pCi/kg zirconium-95 and 
the milk had about 3,000 pCi/liter of iodine-131. 
The average ratio of iodine (pCi/liter of milk) to 
zirconium (pCi/kg of vegetation) in these 2 cases 
was about 0.2. Under similar conditions, 1966 milk 
may have had up to 7,120 pCi/liter of iodine-131 
(table 3, farm #78). The 1962 “Sedan” event was a 
cratering shot, followed by “Small Boy”’ which was 
detonated at the earth’s surface. It is conceivable 
that the fallout from a partially contained cratering 
event might have been enriched in the iodine 
isotopes relative to zirconium-95. Even if the 
difference in type of shot, particle size and delay 
of fallout arrival reduced the iodine-131 to 
zirconium-95 ratio by a factor of 9 to 36, milk 
obtained in 1966 might have been expected to have 
contained 200 to 800 pCi of iodine-131 per liter. 
Carter‘ estimated the reduction in the iodine-131 
to zirconium-95 ratio in the fallout from the 
Chinese test conducted on May 9 compared with 
Sedan-Small Boy as a factor of 6 to 24 or more. 

Levels of radioactive materials in the baler dust 
(figure 2, table 3) may be of possible significance 
because, in addition to the initial exposure of farm 
workers who may be in the open when a fallout 
cloud passes through, the farmer is exposed to 
subsequent secondary aerosols generated during 
harvesting or processing of crops which can have a 
relatively high concentration of radioactivity. 
Some samples of baler dust taken in 1966 con- 
tained near microcurie quantities of gamma-ray 
emitting nuclides per kg°. 


5 For example, as of the date of collection, sample 4-206 
contained per kg about 3,500 pCi antimony-125, 2,300 pCi 
ruthenium-106, 4,200 pCi cesium-137 and 190,000 pCi 
zirconium-—95 plus about 410,000 pCi niobium-95. The total 
of these longer-lived, high-energy gamma-ray emitters is 
about 0.6 wCi. There was undoubtedly present, soon after 
deposition, many short-lived nuclides such as the iodine 
isotopes, ruthenium—103, barium-140, etc. The beta emit- 
ters; tritium, strontium-89, strontium-—90, etc., were prob- 
ably present but were not measured. In addition there may 
have also been quantities of plutonium-239 and other 
alpha-particle emitters. 


Summary 


Levels of zirconium-95 in crops and dust from 
farm implements indicated widespread con- 
tamination of Utah with fresh fission products 
during May or June 1966. Although the exact 
origin and date of arrival of the zirconium-95 in 
these vegetation samples cannot be determined 
from available evidence, at least part was probably 
from the atmospheric nuclear detonation on the 
Chinese mainland. No important increase of 
iodine-131, cesium-137, or strontium-90 has been 
reported for these months, but there is evidence 
that farm workers could have been exposed to 
secondary aerosols containing relatively high levels 
of radioactivity. This indicates that a potential 
radiological hazard may have occurred in past 
highly contaminating incidents and may recur, if a 
highly contaminating incident takes place in the 
future. 
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Table 3. 


Zirconium-95 i in 1966 Utah vegetation: collected after May 13 


| | | Collection 
Sample date 
(1966) 


Sample type 


Zirconium-95 
(nCi/kg net weight) 
(corrected to 6/1/66) 


pasture vegetation 
alfalfa _- he 
baler dust* 
alfalfa____---- 
pasture vege tation 
| alfalfa___- 
grass hay a - 
pasture vegetation __ 
pasture vegetation __ 
alfalfa____ 
baler dust 
barley___- 
alfalfa 
alfalfa___- 
pasture vegetation__ 
alfalfa Ist crop_ 
alfalfa 2d crop 
grass hay_-_--_- . 
pasture vegetation__ 
pasture vegetation 
alfalfa___- 
pasture veget ation 
pasture vegetation __ 
pasture vegetation 
alfalfa____ 
alfalfa ; 
alfalfa__--- 
| baler dust 
alfalfa____ 
green chop>__ 
green chop_-_- 
alfalfa____ 
baler dust__ 
alfalfa____- 
alfalfa____-__- 
pasture vegetation_-_ 
pasture vegetation_ 
pasture vegetation_ 
alfalfa_-_----- 
pasture vegetation____ 
pasture vegetation___ 
pasture vegetation__ 
pasture vegetation_ 
baler dust 
pasture ve getation 
pasture vegetation 
eat 
pasture vege tation__- ee 
alfalfa__ é 
baler dust _ 
alfalfa____ 
silage____- 
alfalfa____ 
baler dust 
alfalfa 
alfalfa____ 
7/7 alfalfa___- 
grass hay_- 
9/15 | green chop 
alfalfa 2d crop 
7/7 alfalfa____ 

pasture vege tation a 
10/25 | alfalfa___- é 
7/7 alfalfa_ __- 
grass hay-_- 
9/15 | green chop 
9/19 | alfalfa 
10/25 silage ‘ 
7/6 pasture vegetation. - 
alfalfa 
7/11 | baler dust 
9/19 Pasture vegetation. 


ho 
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* Dust collected from surfaces of farm equipment used in harvesting crops—for convenience called baler dust. 
» Alfalfa cut and fed without drying. 
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SECTION I. MILK AND FOOD 


Milk Surveillance, February 1970 


Although milk is only one of the sources of 
dietary intake of environmental radioactivity, it is 
the food item that is most useful as an indicator 
of the general population’s intake of radionuclide 
contaminants resulting from environmental re- 
leases. Fresh milk is consumed by a large segment 
of the population and contains several of the 
biologically important radionuclides that may be 
released to the environment from nuclear activities. 
In addition, milk is produced and consumed on a 
regular basis, is convenient to handle and analyze, 
and samples representative of general population 
consumption can be readily obtained. Therefore, 
milk sampling networks have been found to be an 
effective mechanism for obtaining information on 
current radionuclide concentrations and long-term 
trends. From such information, public health 
agencies can determine the need for further 
investigation and/or corrective public health 
action. 

The Pasteurized Milk Network (PMN) spon- 
sored by the Bureau of Radiological Health and 
the Bureau of Foods, Pesticides and Product 
Safety, Food and Drug Administration, U.S. Public 
Health Service, consists of 63 sampling stations; 
61 located in the United States, one in Puerto 
Rico, and one in the Canal Zone. Many of the 
State health departments also conduct local milk 
surveillance programs which provide more compre- 
hensive coverage within the individual State. Data 
from 15 of these State networks are reported 
routinely in Radiological Health Data and Reports. 
Additional networks for the routine surveillance 
of radioactivity in milk in the Western Hemisphere 
and their sponsoring organizations are: 
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Pan American Milk Sampling Program (Pan 
American Health Organization and U.S. Public 
Health Service)—5 sampling stations 
Canadian Milk Network (Radiation Protection 
Division, Canadian Department of National 
Health and Welfare) —16 sampling stations 


The sampling locations that make up the networks 
presently reporting in Radiological Health Data and 
Reports are shown in figure 1. Based on the 
similar purpose for these sampling activities, the 
present format integrates the complementary data 
that are routinely obtained by these several milk 
networks. 


Radionuclide and element coverage 


Considerable experience has established that 
relatively few of the many radionuclides that occur 
in or are formed as a result of nuclear fission 
become incorporated in milk (1). Most of the 
possible radiocontaminants are eliminated by the 
selective metabolism of the cow, which restricts 
gastrointestinal uptake and secretion into the milk. 
The five fission-product radionuclides which 
commonly occur in milk are strontium-89, stron- 
tium-90, iodine-131, cesium-137, and barium-140. 
A sixth radionuclide, potassium-40, occurs nat- 
urally in 0.0118 percent (2) abundance of the 
element potassium, resulting in a specific activity 
for potassium-40 of 830 pCi/g total potassium. 

Two stable elements which are found in milk, 
calcium and potassium, have been used as a means 
for assessing the biological behavior of meta- 
bolically similar radionuclides (radiostrontium and 
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Figure 1. Milk sampling networks in the Western Hemisphere 


Radiological Health Data and Reports 

















radiocesium, respectively). The contents of both 
calcium and potassium in milk have been measured 
extensively and are relatively constant. Appro- 
priate values and their variation, expressed in 
terms of 2-standard deviations (2c), for these con- 
centrations are 1.16 + 0.08 g/liter for calcium and 
1.51 + 0.21 g/liter for potassium. These figures 
are averages of data from the PMN for the period, 
May 1963—March 1966 (3) and were determined 
for use in general radiological health calculations 
or discussions. 


Accuracy of data from various milk networks 


In order to combine data from the international, 
national, and State networks considered in this 
report, it was first necessary to determine the 
accuracy with which each laboratory is making its 
determinations and the agreement of the measure- 
ments among the laboratories. The Analytical 
Quality Control Service of the Bureau of Radio- 
logical Health conducts periodic studies to assess 
the accuracy of determinations of radionuclides in 
milk performed by interested public health 
radiochemical laboratories. The generalized pro- 
cedure for making such a study has been outlined 
previously (4). 

The most recent study was conducted in the 
period, July-September 1969, with 31 laboratories 
participating in an experiment on milk samples 
containing known concentrations of strontium-89, 
strontium-90, iodine-131, cesium-137, and barium- 
140. Of the 18 laboratories producing data for the 
networks reporting in Radiological Health Data and 
Reports, 14 participated in the experiment. 

The iodine-131 and cesium-137 results show 
much improvement over previous tests. Barium- 
140 results also look good, which is encouraging, 
since this is the first time barium-140 was analyzed 
for this type of experiment. However, strontium-89 
and strontium-90 analyses still need improvement 
(5). Keeping these possible differences in mind, 
integration of the data from the various networks 
can be undertaken without introducing a serious 
error due to disagreement among the independent- 
ly obtained data. 


Development of a common reporting basis 


Since the various networks collect and analyze 
samples differently, a complete understanding of 
several parameters is useful for interpreting the 


June 1970 


data. Therefore, the various milk surveillance 
networks that report regularly were surveyed for 
information on analytical methodologies, sampling 
and analysis frequencies, and estimated analytical 
errors associated with the data. 

In general, radiostrontium is collected by an 
ion-exchange technique and determined by beta- 
particle counting in low-background detectors, and 
the gamma-ray emitters (potassium-40, iodine-131, 
cesium-137, and barium-140) are determined by 
gamma-ray spectroscopy of whole milk. Each 
laboratory has its own modifications and refine- 
ments of these basic methodologies. The methods 
used by each of the networks have been referenced 
in earlier reports appearing in Radiological Health 
Data and Reports. 

A recent article (6) summarized the criteria 
used by the State networks in setting up their milk 
sampling activities and their sample collection 
procedures as determined during a 1965 survey. 
This reference and earlier data articles for the 
particular network of interest may be consulted 
should events require a more definitive analysis of 
milk production and milk consumption coverage 
afforded by a specific network. 

Many networks collect and analyze samples on 
a monthly basis. Some collect samples more 
frequently but composite the several samples for 
one analysis, while others carry out their analyses 
more often than once a month. The frequency of 
collection and analysis varies not only among the 
networks, but also at different stations within 
some of the networks. In addition, the frequency 
of collection and analysis is a function of current 
environmental levels. The number of samples 
analyzed at a particular sampling station under 
current conditions is reflected in the data presenta- 
tion. Current levels for strontium-90 and cesium- 
137 are relatively stable over short time periods, 
and sampling frequency is not critical. For the 
short-lived radionuclides, particularly iodine-131, 
the frequency of analysis is critical and is generally 
increased at the first measurement or recognition 
of a new influx of this radionuclide. 

The data presentation also reflects whether raw 
or pasteurized milk was collected. A recent 
analysis (7) of raw and pasteurized milk samples 
collected during the period, January 1964 to June 
1966, indicated that for relatively similar milkshed 
or sampling areas, the differences in concentration 
of radionuclides in raw and pasteurized milk are 
not statistically significant. Particular attention 
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was paid to strontium-90 and cesium-137 in that 
analysis. 

Practical reporting levels were developed by the 
participating networks, most often based on 
2-standard deviation counting errors or 2-standard 
deviation total analytical errors from replicate 
analyses (3). The practical reporting level reflects 
analytical factors other than statistical radio- 
activity counting variations and will be used as a 
practical basis for reporting data. 

The following practical reporting levels have 
been selected for use by all networks whose 
practical reporting levels were given as equal to or 
less than the given value. 


Practical reporting level 
Radionuclide (pCi/liter) 
Strontium-89 5 
Strontium-90 2 
Iodine-131 10 
Cesium-137 10 
Barium-140 10 





Some of the networks gave practical reporting 
levels greater than those above. In these cases the 
larger value is used so that only data considered 
by the network as meaningful will be presented. 
The practical reporting levels apply to the 
handling of individual sample determinations. The 
treatment of measurement equal to or below these 
practical reporting levels for calculation purposes, 
particularly in calculating monthly averages, is 
discussed in the data presentation. 

Analytical errors or precision expressed as 
pCi/liter or percent in a given concentration range 
have also been reported by the networks (3). The 
precision errors reported for each of the radio- 
nuclides fall in the following ranges: 


Analytical errors of precision 
(2-standard deviations) 

1-5 pCi/liter for 
pCi/liter; 

5-10% for levels >50 pCi/liter; 

1-2 pCi/liter for levels <20 
pCi/liter; 

4-10% for levels >20 pCi/liter; 

4-10 pCi/liter for levels <100 
pCi/liter; 

4-10% for levels >100 pCi/liter. 


Radionuclide 
Strontium-89 





levels <50 


Strontium-90 


Cesium-137 


Iodine-131 
Barium-140 
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For iodine-131, cesium-137, and barium-140, there 
is one exception for these precision error ranges: 
25 pCi/liter at levels <100 pCi/liter for Colorado. 
This is reflected in the practical reporting level for 
the Colorado milk network. 


Federal Radiation Council guidance applicable to 
milk surveillance 


In order to place the U.S. data on radioactivity 
in milk presented in Radiological Health Data and 
Reports in perspective, a summary of the guidance 
provided by the Federal Radiation Council for 
specific environmental conditions is presented 
below. The function of the Council is to provide 
guidance to Federal agencies in the formulation 
of radiation standards. 


Radiation Protection Guides (8, 9) 


The Radiation Protection Guide (RPG) has 
been defined by the Federal Radiation Council 
(FRC) as the radiation dose which should not be 
exceeded without careful consideration of the 
reasons for doing so; every effort should be made 
to encourage the maintenance of radiation doses as 
far below this guide as practicable. An RPG 
provides radiation protection guidance for the 
control and regulation of normal peacetime uses 
of nuclear technology in which control is exercised 
primarily at the source through the design and use 
of nuclear material. It represents a balance between 
the possible risk to the general public that might 
result due to exposures from routine uses of 
ionizing radiation and the benefits from the 
activities causing the exposure. 

Table 1 presents a summary of guidelines and 
related information on environmental radiation 
levels as set forth by the FRC for the conditions 
under which RPG’s are applicable. A more 
detailed discussion of these values was presented 
earlier (3). 

In the absence of specific dietary data one can 
use milk as the indicator food item for routine 
surveillance. Assuming a 1-liter per day intake 
of milk, one can utilize the graded approach 
of daily intake on the basis of radionuclide content 
in milk samples collected to represent general 
population consumption. Under these assumptions, 
the radionuclide concentrations in pCi/liter of milk 
can replace the daily radionuclide intake in 
pCi/day in the three graded ranges. 
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Table 1. 


Radiation Protection Guides—FRC recommendations and related information pertaining to 


environmental levels during normal peacetime operation 





RPG for in- 
dividual in the 


Guidance for suitable samples of exposed population group* 





Radionuclide Critical organ general 
population 


(rad /a) 


RPG Corresponding con- 
(rad/a) 


Range I Range II 


Range III 
(pCi/day)» | (pCi/day)> 


tinuous daily intake (pCi/day)> 


(pCi/day) 





Strontium-89 


Strontium-90 


Bone marrow 
OO eee Thyroid 


Cesium-137¢ Whole body -------- 











42,000 0-200 
4 200 0-20 


200-2 ,000 2 ,000-20 ,000 
20-200 200-2 ,000 


100 0-10 10-100 100-1 ,000 
3,600 0-360 360-3 ,600 3 ,600-36 ,000 

















Suitable samples which represent the limiting conditions for this guidance are: strontium-89 


children 1 year of age; cesium-137—infants. 
ased on an average intake of 1 liter of milk per day. 


, strontium-90—general population; iodine-131— 


° - dose of 1.5 rad/a to the bone is estimated to result in a dose of 0.5 rad/a to the bone marrow. 

4 For strontium-89 and strontium-90, the Council’s study indicated that there is currently no operational requirement for an intake value as high as one 
corresponding to the RPG. Therefore, these intake values correspond to doses to the critical organ not greater than one-third the respective RPG 

¢ The guides expressed here were not given in the FRC reports, but were calculated using appropriate FRC recommendations. 


Protective Action Guides (10, 11) 


The Protective Action Guide (PAG) has been 
defined by the Council as the projected absorbed 
dose to individuals in the general population that 
warrants protective action following a contaminat- 
ing event. A PAG provides general guidance for the 
protection of the population against exposure by 
ingestion of contaminated foods resulting from the 


accidental release or the unforeseen dispersal of 
radioactive materials in the environment. A PAG 
is also based on the assumption that such an 
occurrence is an unlikely event, and circumstances 
that might involve the probability of repetitive 
occurrences during a 1- or 2-year period in a 
particular area would require special consideration. 


Table 2. 


Protective actions are appropriate when the health 
benefits associated with the reduction in exposure 
to be achieved are sufficient to offset the undesir- 
able features of the protective actions. 

Table 2 presents a summary of guidelines as set 
forth by the FRC for the conditions under which 
PAG’s are applicable. A more detailed discussion 
of these values was presented earlier (3). Also 
given in table 2 are milk concentrations for each 
of the radionuclides considered, in the absence of 
others, which if attained after an acute incident, 
would result in doses equivalent to the appropriate 
PAG. These concentrations are based on a 
projection of the maximum concentration from an 
idealized model for any acute deposition and the 
pasture-cow-milk-man pathway, as well as an 
estimate of the intake prior to reaching the 


Protective Action Guides—FRC recommendations and related information 


pertaining to environmental levels during an acute contaminating event 





Critical 
Radionuclide organ 


PAG for individ- 
uals in general 
population 


Category (pasture-cow-milk) 





Guidance for suitable sample, children 
1 year of age 





Maximum concentration in 
PAG milk for single nuclide 
(rads) that would result in PAG 
(pCi/liter) 





Strontium-89 
Strontium-90 
Cesium-137 


Bone marrow- - 


10 in first yr; 
Bone marrow--| total dose not to ’ 
Whole body.--| exceed 15%> Hab °720 ,000 


3 in first yr; total 


*1,110,000 
dose not to exceed 


°51 ,000 





Todine-131 











10 470 ,000 








® The sum of the projected doses of these three radionuclides to the bone marrow should be compared to the nu- 


merical value of the respective guide. 


> Total dose from strontium-89 and cesium-137 is the same as dose in first year; total dose from strontium-90 is 
5 times strontium-90 dose in first year for children approximately 1 year of age. 
© These values represent concentrations that would result in doses to the bone marrow or whole body equal to 


the PAG, if only the single radionuclide were present. 


4 This concentration would result in the PAG dose based on intake before and after the date of maximum con- 
centration observed in milk from an acute contaminating event. A maximum of 84,000 pCi/liter would result in a 
PAG dose if that portion of intake prior to the maximum concentration in milk is not considered. Children, 1 year 
of age, are assumed to be the critical segment of the population. 
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Figure 2. State and PMN milk sampling locations in the United States 


maximum concentration. Therefore, these maxi- 
mum concentrations are intended for use in 
estimating future intake on the basis of a few 
early samples rather than in retrospective manner. 


Data reporting format 


Table 3 presents the integrated results of the 
international, national, and State networks dis- 
cussed earlier. Column 1 lists all the stations which 
are routinely reported to Radiological Health Data 
and Reports. (The relationship between the PMN 
stations and State stations is shown in figure 2.) 
The first column under each of the radionuclides 
reported gives the monthly average for the station 
and the number of samples analyzed in that month 
in parentheses. When an individual sampling 
result is equal to or below the practical reporting 
level for the radionuclide, a value of zero is used 
for averaging. Monthly averages are calculated 
using the above convention. Averages which are 
equal to or less than the practical reporting levels 
reflect the presence of radioactivity in some of the 
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individual samples greater than the practical 
reporting level. 

The second column under each of the radio- 
nuclides reported gives the 12-month average for 
the station as calculated from the preceding 12- 
month averages, giving each monthly average 
equal weight. Since the daily intake of radio- 
activity by exposed population groups, averaged 
over a year, constitutes an appropriate criterion 
for the case where the FRC radiation protection 
guides apply, the 12-month average serves as a 
basis for comparison. 


Discussion of current data 


In table 3, surveillance results are given for 
strontium-90, iodine-131, and cesium-137, for 
February 1970 and the 12-month period, March 
1969 to February 1970. Except where noted the 
monthly average represents a single sample for the 
sampling station. Strontium-89 and barium-140 
data have been omitted from table 3 since levels at 
the great majority of the stations for February 
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Table 3. 





Sampling location | of 


UNITED STATES: 


Montgomery* 
Palmer¢__ 
Phoenix 
Little Rocke 
Sacramento® 


San Francisco*_ 


Del Norte__ 
Fresno__ 
Humboldt__- 
Los Angeles 
Mendocino 
Sacramento 
San Diego- 
Santa Clara 
Shasta_ 
Sonoma.-.- 
Denver?___-_ 
West..... 
Northeast _ 
East___ 
Southeast _ 
South central 
Southwest. 
Northwest 
Hartford* 
Central 
Wilmingtonc- 
Washington¢_- 
Tampat__- 
West 

North 
Northeast - 
Central 


Colo: 


Conn: 


_—— Bay area_ 


Southeast 
Atlanta® 
Honoluluc_ 
Idaho Falls¢ 
Chicagoe- 
Indianapolis¢ 
Northeast _ 
Southeast 
Central _ - 
Southwest _- 
Northwest 
Des Moines* 
Iowa City_- 
Des Moines 
Spencer _- 
Fredericksbur; 
Wichitac 
Louisvillee___- 


Kans: 
Ky: 
La: 
Maine: 
Md: 
Mass: 
Mich: 


Portlande - 
Baltimoree 
Boston¢_ - _- 
Detroite___-- -- 
Grand Rapids* 
Bay City- 
Charlevoix 
Detroit_ _ 
Grand Rapids 
Lansing-- 
Marquette 
Monroe_ 
South Haven 
Minneapolis¢ 
Bemidji_- 
Mankato--- 
Rochester 
Duluth __ 
Worthington 
Minneapolis 
Fergus Falls 
Little Falls 
Jackson¢ 
Kansas City* 
St. Louise 
Helenac. 
Omahat__ 

Las Vegas‘ 


Minn: 


Miss: 
Mo: 


Mont: 


Nebr: 
Nev: 


See footnotes at end of table. 


June 1970 


New Orleans¢ -- 


sample 





February 1970 


Strontium-90 


Monthly 
average> | 


12-month 
average 
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Table 3. Concentration of radionuclides in milk for February 1970 and the 12-month period, March 1969 through 
February 1970—Continued 





Radionuclide concentration 
(pCi /liter) 





Type 
Sampling location of Iodine-131 Cesium-137 
sample® a 





Monthly 12-month Monthly 12-month Monthly 12-month 
average> average average> average average> average 


UNITED STATES—Continued 





Manchester‘ __- 
Trenton¢_----- 
Albuquerque*_-_ 
Buffaloc___ aden 
New York City¢ 
Syracuse¢ - - 
Albany - 
Buffalo 
Massena-.-------- 
New York City 
Syracuse - - - 

N.C: Charlotte*__- 

N.Dak: Minot¢ 

Ohio: Cincinnati¢_- 
Clevelande_ 

Okla: Oklahoma City* 
Oklahoma City_ 
Enid 


- 
-_ 
o 


_ 
SS AA NOan 
— 

onwos 


eo 


5D 
~— 


ocoocoooocececoc]ecoo 
ZDROP 


OANwWwh 


Lawton 

Ardmore - - - 

Portland¢ 

Baker - 

Coos Bay 

Eugene , aes 

Medford _ - - - ats 

Portland composite 

Portland local : 

Redmond 

Tillamook__ 

Philadelphiac 

Pittsburghe--_- 

Dauphin- - - - -- 

En cine nx 

Philadelphia --- - - - - 

Pittsburgh 

Providence® 

Charleston® 

Rapid City¢_ - 
Tenn: Chattanooga’__-_-- 

Memphise 

Chattanooga 

Clinton -_ ~~ -- 

Knoxville 

Nashville 

Austin 

Dallas¢ 

SS 

Corpus Christi__-- 

El Paso---- 

Fort Worth 

Harlingen_--- 


o 


° 


conooocoocoooooconoowoorrrrr~rwwso 2RRRRN 


° 


= 
DONKOCONUPNRAND 





_ 


_ 


Lubbock 
Midland - 4 
San Antonio-_--- 
Texarkana 


Utah: eS lo as E 
Vt: NN ES LT 
Va: Norfolke- a 
Wash: Senttie*.........- 
Spokanec___-__ 
Benton County 
Franklin County _- -- 
Sandpoint, Idaho 
an Skagit County_ 
W.Va: Charlestone____ 
Wisc: Milwaukeec 
Wyo: Laramie* 


CANADA: 


_ 


- = 
ANON NHK ANODE NNOHNHPDWONUEANW 


~ 
~ Z 
WOUNSSHNOCS 


to — 
ABDANVIWS WHR WOWOOCOTHOUOCNOOHUD a 


CSCOSCSCSCSOSCSCOCOCCOCSCSSSSOSCSOSSSSSSSSSSSSSSOSOOWUAr OOS 
_ 


Z 
eccoceomocecoo 


_ 
oO 


Alberta: Calgary ___- 
Edmonton 

British Columbia: Vancouver 

Manitoba: Winnipeg 























See footnotes at end of table. 
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Table 3. Concentration of radionuclides in milk for February 1970 and the 12 month period, March 1969 through 
February 1970—Continued 





: Type 
Sampling location of 


sample* 


CANADA—Continued 





Frederickton . gs 
PP iecatesnees 
ES AES ‘ 
i 


New Brunswick: 
Newfoundland: 
Nova Scotia: 
Ontario: 


Sault Ste. Marie.__...-.-__-___- 
Toronto___- 


Quebec: 


Saskatchewan: 


CENTRAL AND SOUTH AMERICA: 





Columbia: i aca an tine a 
Chile: Ree pera ee 
Ecuador: Guayaquil____------ 

Jamaica: 
Venezuela: 
Canal Zone: 
Puerto Rico: 





OD yee ee te 
San Juane__- 


Strontium-90 


Monthly 
average> 


Radionuclide concentration 
(pCi /liter) 


Cesium-137 


Iodine-131 


12-month 
average 


Monthly 
average> 


12-month 
average 


Monthly 
average> 


12-month 
average 


tt 
SIT OCICS DW UION 











PMN network average!__..__.............__----- 




















a P, pasteurized milk. 
R, raw milk. 


b When an individual sampling result was equal to or less than the practical reporting level, a value of ‘‘0"’ was used for averaging. Monthly averages less 
than the practical reporting level reflect the fact that some but not all of the individual samples making up the average contained levels greater than the 
practical reporting level. When more than one analysis was made in a monthly period, the number of samples in the monthly average is given in parentheses. 

¢ PHS Pasteurized Milk Network station. All other sampling locations are part of the Siate or National network. 


4 Radionuclide analysis not routinely performed. 


e The practical reporting levels for these networks differ from the general ones given in the text. Sampling results for the networks were equal to or less 


than the following practical reporting levels: 
Iodine-131: Colorado—25 pCi/liter 
Michigan—14 pCi/liter 
Oregon—15 pCi/liter 


Cesium-137: Colorado—25 pCi/liter 
New York—20 pCi/liter 
Oregon—15 pCi/liter 


Strontium-90: New York—3 pCi/liter 


f This entry gives the average radionuclide concentrations for the PHS Pasteurized Milk Network stations denoted by footnote °. 


NA, no analysis. 
NS, no sample collected. 


1970 were below the respective practical reporting 
levels. Strontium-89 was detected at Del Norte, 
Calif., 12 pCi/liter (State sample) and Minne- 
apolis, Minn., 9 pCi/liter (PMN). 

Iodine-131 results are included in the table, even 
though they were generally below practical report- 
ing levels. Because of the lower values reflected by 
the radiation protection guidance provided by the 
Federal Radiation Council (table 1), levels in milk 
for this radionuclide are of particular public health 
interest. In general, the practical reporting level 
for iodine-131 is numerically equal to the upper 
value of Range I (10 pCi/liter) of the FRC 
radiation protection guide. 

Strontium-90 monthly averages ranged from 0 to 
18 pCi/liter in the United States for the month 
of February 1970, and the highest 12-month 


June 1970 


average was 19 pCi/liter (Del Norte, Calif; State 
sample), representing 9.5 percent of the Federal 
Radiation Council radiation protection guide 
(table 1). Cesium-137 monthly averages ranged 
from 0 to 53 pCi/liter in the United States for the 
month of February 1970, and the highest 12-month 
average was 84 pCi/liter (Southeast Fla.) repre- 
senting 2.3 percent of the value presented in this 
report using the recommendations given in the 
Federal Radiation Council reports. Of particular 
interest are the consistently higher cesium-137 
levels that have been observed in Florida (12) and 
Jamaica. Iodine-131 monthly averages were gener- 
ally below the practical reporting level, with the 
following exceptions: Pa., Dauphin (State sample) 
13 pCi/liter; Pittsburgh (State sample) 12 
pCi/liter. 





Acknowledgment 


Appreciation is expressed to the personnel of the following health agencies who provide data for 


their milk surveillance networks: 


Bureau of Radiological Health 
Division of Environmental Sanitation 
California State Department of Health 


Radiological Health Section 

Division of Air, Occupational, and 
Radiation Hygiene 

Colorado State Department of Health 


Radiological Health Services 
Division of Medical Services 
Connecticut State Department of Health 


Radiological and Occupational Health Section 


Department of Health and Rehabilitative Services 
State of Florida 


Bureau of Environmental Sanitation 
Division of Sanitary Engineering 
Indiana State Board of Health 


Division of Radiological Health 
Environmental Engineering Services 
Iowa State Department of Health 


Radiological Health Service 
Division of Occupational Health 
Michigan Department of Health 


Radiation Protection Division 
Canadian Department of National 
Health and Welfare 


Radiation Control Section 
Division of Environmental Health 
State of Minnesota Department of Health 


Bureau of Radiological Health 
Division of Environmental Health Services 
New York State Department of Health 


Division of Occupational and Radiological 
Health 

Environmental Health Services 

Oklahoma State Department of Health 


Environmental Radiation Surveillance Program 
Division of Sanitation and Engineering 
Oregon State Board of Health 


Radiological Health Section 
Bureau of Environmental Health 
Pennsylvania Department of Public Health 


Radiological Health Services 
Division of Preventable Diseases 
Tennessee Department of Public Health 


Division of Occupational Health 
Environmental Health Services 
Texas State Department of Health 


Office of Air Quality Control 


Division of Technical Services 
Washington State Department of Health 


Radiological Health Data and Reports 











REFERENCES 


(1) CAMPBELL, J. E.,G. K. MURTHY, A. S. GOLDIN, 
H. B. ROBINSON, C. P. STRAUB, F. J. WEBER and 
K. H. LEWIS. The occurrence of strontium-90, iodine- 
131, and other radionuclides in milk, May 1957 through 
April 1958. Amer J Public Health 49:225 (February 1959). 

(2) Chart of the Nuclides, Ninth Edition revised to July 
1966. Knolls Atomic Power Laboratory (November 1966). 

(3) NATIONAL CENTER FOR RADIOLOGICAL 
HEALTH. Section I. Milk Surveillance. Radiol Health 
Data Rep 9:730-746 (December 1968). 

(4) ROSENSTEIN, M. and A. S. GOLDIN. Statistical 
technics for quality control of environmental radioassay. 
Health Lab Sci 2:93 (April 1965). 

(5) KNOWLES, F. Interlaboratory study of iodine—131, 
cesium-137, barium-140, strontium-89, and strontium— 
90 measurements in milk, July-December 1969. Technical 
experiment 69-MKAQ -2, Analytical Quality Control 
Service, Bureau of Radiological Health (October 1969). 

(6) NEILL, R. H. and D. R. SNAVELY. State Health 
Department sampling criteria for surveillance of radio- 
activity in milk. Radiol Health Data Rep 8:621-627 
(November 1967 . 

(7) ROBINSON, B.A aomeeries of results between 
the Public Health Service Raw Milk and Pasteurized 
Milk Networks for January 1964 through June 1966. 
Radiol Health Data Rep 9:475-488 (September 1968). 


Food and Diet Surveillance 


Efforts are being made by various Federal and 
State agencies to estimate the dietary intake of 
selected radionuclides on a continuing basis. These 
estimates, along with the guidance developed by 
the Federal Radiation Council, provide a basis for 
evaluating the significance of radioactivity in foods 
and diet. 


Program 


Period reported 
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Networks presently in operation and reported 
routinely include those listed below. These net- 
works provide data useful for developing estimates 
of nationwide dietary intakes of radionuclides. 
Programs most recently reported in Radiological 
Health Data and Reports and not covered in this 
issue are as follows: 


Issue 





Connecticut Diet Study 


California Diet Study 


June 1970 


July-December 1968 and 
January-June 1969 

October-December 1968 and 
January—March 1969 


February 1970 


May 1970 





1. Radionuclides in Institutional Diet Samples 
July-September 1969 


Bureau of Radiological Health and 
Food and Drug Administration 


The determination of radionuclide concentra- 
tions in the diet constitutes an important element 
of an integrated program of environmental radio- 
logical surveillance and assessment. In recognition 
of the potential significance of the diet in contribu- 
ting to total environmental radiation exposures, 
the Public Health Service initiated its Institutional 
Diet Sampling Program in 1961. This program is 
administered by the Bureau of Radiological Health 
with the assistance of the Office of Compliance, 
Food and Drug Administration (1). 

The program was designed to provide estimates 
of the dietary intake of radionuclides in a selected 
population group ranging from children to young 
adults of school age. Initially, the program was 
conducted at eight institutions; as of January 
1965, its scope had increased to boarding schools or 
institutions in fifty municipalities. These institu- 


tions ranged from financially well-to-do boarding 
schools to orphanages with severe economic 
limitations. 

Subsequent experience with the diets of school 
children of various ages indicated that the number 
of institutions sampled could be selectively re- 
duced. As of July 1965, 21 basic institutions and 
eight auxiliary institutions distributed geographic- 
ally as shown in figure 1, were being sampled. 
Previous results showed that the daily dietary 
intake of teenage girls and children from 9 to 12 
years of age were comparable, while teenage boys 
consumed 20 percent more food per day (1, 2) 
Consequently, estimates for boys and/or girls can 
be calculated on the basis of the dietary intakes of 
children. 

In general, the sampling procedure is the same 
at each institution. Each sample represents the 
edible portion of the diet for a full 7-day week 
(21 meals plus soft drinks, candy bars, or other 
in-between snacks) obtained by duplicating the 
meals of a different individual each day. Drinking 
water, not included in the samples, is also sampled 
periodically. Each daily sample is kept frozen 
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Institutional diet sampling locations as of June 1969 
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Table 1. 





Caleium> 
Month 
(1969) 


Total 
weight 
(kg/day) 


Location of institution 


Alaska: Palmer 


Ariz: Phoenix- -- 


Ark: 
Calif: 


Little Rock¢___- 


Los Angeles - 


Colo: 
Del: 


Fla: 


Denver - 
Wilmington4____ 


Tampa 
Honolulu-_-_-- 


Hawaii: 


Idaho: Idaho Falls_-_- 


KDE NNN HK He et 
AS Tor. 


Ill: Chicago- -- - - 
Ky: Louisville*_ 
La: New Orleans 
Maine: Portland 
Mass: Boston---- 
Mo: St. Louis-_- 
Ohio: Cleveland_- 
Pittsburgh 
Charleston 
<: Sioux Falls 
La 


Wash: Seattle__- 


ee ne ed ee 
| - on rTe nD mI Dr ~ - 


Institutional average 

















Potassium 


(g/kg) | (g day) 


1.6 
1. 
1.6 
1.6 
3. 
1 

1 

1 

1 

1 

1 
1. 
3. 
3. 
1 
2 
1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 
Ss 
Be 
S. 
1 
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Concentration and intake of stable elements and radionuclides in institutional total diets of children 
(9-12 years of age), viniadiiaieinaaaad 1969" 


| 
a mC 
| 


> ; 
|(pCi/kg)| (pCi day)| (pCi ke) (pCi day)| (pCi ke) (pCi day) 


0 0 


dash fa sb bal pe Ssh pa Ot pa oud 
eet oe or aera 
INS DwoDNNeoN 


mee he hottie 








mt pet pet pe tft ph tet td 
NWWWKNR NRK aw 
S Oe DONT 


DNDN READ 





VaINWWSNNWNHWNHNOSN 





~~ 


| 28 69 22 AD AS o anne 0 6860 64 as as 68 sw wBKwwL 
NON KCN NNR RN ER WNWWWWHWERWH RNIN WW WW: - 


— mt et 
ao! 
totor 




















® Iodine-131 and barium-140 were not detected at any station during this period therefore no provision was made for these nuclides in this table. 


> Composite analysis of quarterly samples for each station. 


¢ Since food samples were collected from two or more children who were not between the ages of 9 to 12, the gamma analyses for this month were not 
used in the institutional average. The chemistry data was included in the institutional average since this analysis was a composite of three or less individual 


samples. 
4 The samples for Little Rock, Ark.; Wilmington, Del.; 
NA, no aralysis. 
NS, no sample. 


until the end of the collection period and is then 
packed in dry ice and shipped by air express to 
either the Southwestern Radiological Health 
Laboratory, Las Vegas, Nev; the Southeastern 
Radiological Health Laboratory, Montgomery, 
Ala; or the Northeastern Radiological Health 
Laboratory, Winchester, Mass. A detailed descrip- 
tion of sampling and analytical procedures was 
presented earlier (3). 


June 1970 


and Louisville, Ky. were not collected for the month of July. 


Results 


Table 1 presents the analytical results for 
institutional diet samples collected from July 
through September 1969 for children 9 to 12 years 
of age. The stable elements, calcium and potas- 
sium, are reported in g/kg of diet, and the 
radionuclide concentrations of these samples 
reported in pCi/kg of diet, are corrected for 


295 





Table 2. 


Concentration and intake of stable elements and radionuclides in institutional total diets of individuals 
July-September 1969 





Month 
(1969) 


Total 
Location of institution 


Alaska: Juneau-- July 
Aug 
Sept 
July - 
Aug 
Sept 
July 
Aug 
Sept 
July 
Aug 
Sept 
Carson City July 
Aug 
Sept 
July 
Aug 
Sept 
July 
Aug 
Sept 
July 
Aug 
Sept 


Calif: Oakland_- 


Miss: Columbia 
Neb: Omaha_-- 
Albuquerque- 


Portland 


Salt Lake City- 


Institutional average B = July 
Aug 
Sept 


_ 








weight 
(kg/day) 
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_ 
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Calcium? Potassium 


(pCi 


(g/kg)| (e (pCi/ |(pCi 
k kg) 


day) <z) | day) 


| 
| 
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| 
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* Concentrations for iodine-131 and barium-140 in pCi/kg were below detectable levels and reported as zero. 


b Composite analysis of quarterly samples for each station. 
NA, no analysis. 


radioactive decay to the midpoint of the sample 
collection period, where applicable. Dietary intakes 
in g/day or pCi/day were obtained by multiplying 
the food consumption rate in kg/day by the 
appropriate concentration values. The average 
food consumption rate during this period was 1.89 
kg/day compared to the network average of 1.87 
kg/day observed from 1961 through 1968. 

Strontium-90 dietary intake during this period 
averaged 12 pCi/day. This result falls within 
Range I as defined by the Federal Radiation 
Council (4). Cesium-137 intakes averaged 15 
pCi/day during this period. Strontium-89, barium- 
140, and iodine-131 concentrations were generally 
below detectable levels. 

All concentrations that are less than or equal to 
the appropriate minimum detectable level will be 
reported as zero. The minimum detectable concen- 
tration is defined as the measured concentration 
equal to the 2-standard deviation analytical error. 
Accordingly, the minimum detectable limits are as 
follows: 


Strontium-89 
Strontium-90 


5 pCi/kg 
2 pCi/kg 


Iodine-131 
Cesium-137 
Barium-140 


10 pCi/kg 
10 pCi/kg 
10 pCi/kg 


Data from eight auxiliary stations are included 
in a separate table for general information. This is 
presented in table 2. These stations do not meet 
the criterion that the majority of the samples are 
collected from children who range in age from 9 to 
12 years. In order to supplement the existing 
environmental monitoring networks of the Bureau 
of Radiological Health, these eight institutions are 
being sampled in the same manner as the basic 
stations. 


Recent coverage in Radiological Health Data and Reports: 


Period 
October-December 1968 
January—March 1969 and 

Annual Summary 1968 
April-June 1969 


Issue 
July 1969 


October 1969 
January 1970 
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2. Strontium-90 in Tri-City Diets 
January-December 1969 


Health and Safety Laboratory 
U.S. Atomic Energy Commission 


Estimates of the average intake of strontium-90 
by New York City, Chicago, and San Francisco 
residents have been made by the Health and 
Safety Laboratory (HASL). These estimates were 
made by using measurements of the strontium-90 
content of a large variety of foods purchased at the 
cities every 3 months and statistics on the average 
consumption of each food compiled by the U.S. 
Department of Agriculture in their 1955 Household 
Diet Survey (5). A detailed description of the aims 
and methods of the HASL diet sampling program 
along with a summary of the results obtained 
during the first 3 years of operation (1960-1963) 
was published earlier (6). 

Starting in 1968, two changes were made in the 
program. The first change was the suspension of 
the collection and analysis of foods purchased in 


1 Data from Fallout Program Quarterly Summary Report, 
HASL 214, 217, 224. Available from the Clearinghouse for 
Federal Scientific and Technical Information, CFSTI, 5285 
Port Royal Road, Springfield, Va. 22151. 


Table 3. 


Chicago. Previous experience had shown the levels 
of strontium-90 in the Chicago diet to be con- 
sistently between those of New York City and 
San Francisco. Thus, reasonable estimates of the 
dietary intake of strontium-90 in Chicago at any 
time can be made from the analyses of foods 
purchased in New York City and San Francisco. 

The second change, revision of the estimates 
of the annual consumption of different diet com- 
ponents, was made because new information 
became available. This new information on the 
composition of the diet appeared in a preliminary 
report of the U.S. Department of Agriculture in 
their 1965 Household Diet Survey (7). The 
changes in the composition of the diet from 1955 to 
1965 are not very great, and the estimates of 
strontium-90 intake made using statistics from 
either diet survey are not too different. Estimates 
of the intakes of other nuclides, however, may be 
affected to a greater degree. The new estimates of 
the consumption have therefore been used to 
calculate the intakes of calcium and strontium-90 
for 1969 in New York City and San Francisco. 

Results for January-December 1969 are pre- 
sented in tables 3 through 6. The variation with 
time of the daily intake of strontium-90 in the 
three cities is plotted in figure 2. 


Average dietary consumption and strontium-90 intake in Tri-City diet 


February-March 1969 





Food category 


Dairy products 

Fresh fruit ; 
Fresh vegetables 
Root vegetables___ 
Potatoes : 
Macaroni 

a ee 
Fruit juices 

Canned vegetables 
Canned fruit - - - -- 
Dried beans - -- - 
IR ESS 
Bakery products 
Whole grain products___- 





Annual intake (pCi/a) 


Daily intake (pCi/day) - -- 





Calcium 





New York City 
Febuary 1969 
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March 1969 
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Table 4. Average dietary consumption and strontium-90 intake in Tri-City diet 
May-June 1969 








New York City San Francisco 
May 1969 June 1969 


Food category Calcium 
(g/a) Strontium-90 Strontium-90 


(pCi/a) (pCi/kg) (pCi/a) 


Dairy products 

Fresh fruit 

Fresh vegetables 
Root vegetables___- 
Potatoes 

Macaroni 

Se 

Fruit juices__- 
Canned vegetables 
Canned fruit 

Dried beans _- 

Flour- : 
Bakery products 
Whole grain products 
Fresh fish 
Shellfish 
Poultry 
Meat 
Eggs 


Nee to woth 
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Table 5. Average dietary consumption and strontium-90 intake in Tri-City diet 
August-September 1969 





New York San Francisco 
August 1969 September 1969 


Food category Calcium : 
(g/a) Strontium-90 Strontium-90 
(pCi/kg) (pCi/a) 


(pCi/kg) (pCi/a) 





Dairy products 

Fresh fruit x 

Fresh vegetables 

Root vegetables __- 
Potatoes 

Macaroni 

Rice __- 

Fruit juices___- 

Canned vegetables 
Canned fruit 

Dried beans 

Flour-_- ant 

Bakery products ; 
Whole grain products___- 
Fresh fish a 
Shellfish 
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Table 6. 


Average dietary consumption and strontium-90 intake in 


Tri-City diet 


November-Dece ember 1969 


Food category 


Dairy products 
Fresh fruit “a 
Fresh vegetables 
Root vegetables 
Potatoes 
Macaroni 

Rice 

Fruit juices___- 
Canned vegetables 
Canned fruit 
Dried beans 

Flour 

Bakery products 
Whole grain products 
Fresh fish 
Shellfish 

Poultry 

Meat 

Eggs 


Annual intake (pCi/a) 








Daily intake (pCi/day) 


‘alcium | 


New York City 


| San Francisco 
November 1969 
| 


December 1969 


Strontium 90 Strontium 90 
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Daily intake of strontium-90 in Tri-City diets March 1960-December 1969 


Recent coverage in Radiological Health Data and Reports: 


Period 
January—June 1968 


July-December 1968 
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SECTION If. WATER 


The Public Health Service, the Federal Water 
Quality Administration and other Federal, State, 
and local agencies operate extensive water 
quality sampling and analysis programs for sur- 
face, ground, and treated water. Most of these 
programs include determinations of gross beta and 
grossalpha radioactivity and specific radionuclides. 

Although the determination of the total radio- 
nuclide intake from all sources is of primary 
importance, a measure of the public health 
importance of radioactivity levels in water can be 
obtained by comparison of the observed values 
with the Public Health Service Drinking Water 
Standards (1). These standards, based on con- 
sideration of Federal Radiation Council (FRC) 
recommendations (2-4), set the limits for approval 
of a drinking water supply conta‘ning radium-226 
and strontium-90 as 3 pCi/liter and 10 pCi/liter, 


Water sampling program 





respectively. Limits may be set higher if the total 
intake of radioactivity from all sources remains 
within the guides recommended by FRC for 
control action. In the known absence' of strontium- 
90 and alpha-particle emitters, the limit is 1,000 
pCi/liter gross beta radioactivity, except when 
additional analysis indicates that concentrations 
of radionuclides are not likely to cause exposures 
greater than the limits indicated by the Radiation 
Protection Guides. Surveillance data from a 
number of Federal and State programs are pub- 
lished periodically to show current and long-range 
trends. Water sampling activities recently reported 
in Radiological Health Data and Reports are listed 
below: 


1 Absence is taken to mean a negligibly small fraction of 
the specific limits of 3 pCi/liter and 10 pCi/liter for unidenti- 
fied alpha-particle emitters and strontium-90, respectively. 


Period reported Issue 





December 1969 
February 1970 
March 1970 
January 1970 
May 1969 
November 1969 
June 1969 


California 

Coast Guard Water Supplies 

Florida 

Minnesota 

North Carolina 

Radiostrontium in Tap Water, HASL 
Washington 


January-June 1968 
January 1968-—July 1969 
1968 

January-June 1969 
January—December 1967 
July-December 1968 
July 1967—June 1968 
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Radioactivity in New York Surface Water 


January-June 1969 


Division of General Engineering and 
Radiological Health 
State of New York Department of Health 


In 1955, the New York State Department of 
Health began a program to determine the amount 
of radioactivity in water used for public consump- 
tion. Radioactivity in water may arise from any 
one or a combination of the following sources: the 
natural mineral content of water (background), 
atmospheric fallout, or nuclear industry operations. 


Analytical procedures 


A measured quantity of water, usually 500 ml, 
is evaporated and the residue is analyzed for its 
gross beta component in an end-window, gas-flow, 
proportional counter. 

Strontium and alkaline earths are precipitated 
as carbonates from a 500-ml sample. Iron and rare 
earths are removed by hydroxide scavenging, 
while barium is precipitated as a chromate. 
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Strontium is finally precipitated as a sulphate from 
a pH controlled EDTA solution. Calcium and 
yttrium remain in solution as EDTA complexes 
(1-2). 

Strontium-90 is determined by yttrium-90 
ingrowth counting of the final precipitate at less 
than 6 hours after precipitation and again at 
greater than 50 hours using a low background (less 
than 1 cpm) gas-flow, proportional beta-particle 
counter. Strontium-89 is estimated by taking the 
difference between the total strontium radio- 
activity and that of strontium-90. 

Chemical recovery is between 70 and 75 percent 
and results in a minimum detectable radioactivity 
of 3 pCi/liter + 100 percent at the 95—percent 
confidence level. 

Tritium in water is determined by liquid 
scintillation counting of 3 ml of distilled sample in 
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Figure 1. 


New York water sampling locations 
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17 ml of scintillator solution. The scintillator 
solution consists of 4 g PPO, 0.25 g dimethyl 
POPOP and 120 g naphthalene dissolved in 1 liter 
of dioxane. The sample is counted twice for a total 
of 100 minutes using either a Packard Tri-Carb 
model 3315 or a Beckman LS 200B liquid scintilla- 
tion spectrometer. Minimum sensitivities at the 
95-percent confidence level + 100 percent are 
1,000 pCi/liter for the Tri-Carb and 500 pCi/liter 
for the Beckman. 


Table 1. 








Location 


Number of 
samples 


Average 


Ashford (Buttermilk Creek at Fox 
Valley Road) ea 
(Buttermilk Creek at 
Corners) > 

(Cattaraugus Creek) _-_- 

Brant (Cattaraugus Creek) 

Cohoes (Filtration Plant)¢___ 

Collins (Cattaraugus Creek) 

Concord (Cattaraugus Creek) __ 

Geneva (Seneca Lake) rf 

Glenmont (Hudson River) ___-- 

New Haven (Lake Ontario) _- 

New York City 

Niagara Falls vw est Branch Niagara 

River) 

Ossining (Indian Brook Reservoir). 
(Sing Sing) (Hudson River) - 

Oswego-__- 

Pawling (Pond at United Nuclear) _. 

Peekskill (Camp Field Water Supply). 
(Hudson River) - 

New Haven (Ontario)... x acgh hee 

Tuxedo (Indian Kill) 

Watertown (Black River) _ ; 

Yorktown (Croton Reservoir) --- 


Thomas 
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January-March 1969 


Maximum 
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Discussion and results 

With the exception of Buttermilk and Cat- 
taraugus Creeks downstream from Nuclear Fuel 
Services, the results of water sampling stations in 
the State remain low. Water samples are obtained 
from 23 locations for gross beta-particle analysis 
(figure 1). The type of sample, number of samples, 
quarterly average, maximum and minimum gross 
beta-particle concentrations in New York surface 
water for January-June 1969 are given in table 1. 


Gross beta radioactivity in New York raw surface water, January-June 1969 


Gross beta radioactivity 
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« Excluding tritium. 
b This station is on the Nuclear Fuels Services reprocessing plant site. 
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e After June 16, 1969 this station will be replaced by Crescent Water Trailer. 


NA, no analysis. ND, nondetectable. 


Table 2. Cesium=137 and strontium=-90 in Ne 


w York surface waters, January-June 1969 





January-March 1969 


Cesium-137 
oy liter) 


Location Number 
f Maxi- 


mum 


Mini- 


o 
samples mum 


Ashford 
(Buttermilk Creek at Fox 
Valley Road) 
(Buttermilk Creek at 
Thomas Corners)® - ----- 
(Cattaraugus Creek) 
Brant 
Cattaraugus Creek) - - - -- 
Collins 
(Cattaraugus Creek) - 
Concor 
(Springville Power Dam 
on Cattaraugus Creek) ‘ j 161 ND 
Ossining (Sing Sing) 
(Hudson) ND ND ND 

















Strontium-90 
(Ci liter) 


Maxi- 
mum 





April-June 1969 


Cesium-137 
(pCi/liter) 


Strontium-90 
oe i/liter) 


Number 
Mini- of 
mum | samples 


Maxi- 
mum 


Mini- 
mum 


Mini- 
mum 


Maxi- 
mum 





























a This station is on the Nuclear Fuels Services reprocessing plant site. 
NA, no analysis. ND, nondetectable. 
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Larger samples are collected at selected locations 
for strontium-90 analysis. The number of samples, 
average, maximum, and minimum concentrations 
of strontium-90 and cesium-137 in New York water 
for January-June 1969 are given in table 2 for 
those stations where strontium-90 and cesium-137 
was detected. 

Tritium concentration values for January—June 
1969 are given in table 3 for eight locations. Tri- 
tium, a very low energy beta-particle emitter, is 
released to the water courses during the reprocess- 
ing of nuclear fuel. The tritium concentrations in 
Cattaraugus and Buttermilk Creeks showed the 
contribution of the Nuclear Fuels Services repro- 
cessing plant. 


Table 3. 


Location 


Number 


samples 


Albany 
Ashford (Buttermilk Creek 
at Fox Valley Road) 
(Buttermilk Creek at 
Thomas Corners 
Road)* 
Cattaraugus Creek at 
Bigelow Bridge 
Brant (Cattaraugus Creek) 
Cohoes (Filtration Plant) 
Collins (Cattaraugus Creek) | 
Concord (Springville Power 
Dam on Cattaraugus 
Creek) __- 











January-March 1969 
| 


: ae | 
of Average | Maximum} Minimum | of 
| 
| 
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Recent coverage in Radiological Health Data and Reports: 


Period 


January—June 1968 
July-December 1968 


Issue 
April 1969 
September 1969 


Tritium concentration of New York surface waters, January-June 1969 


Concentration 
(nCi/liter) 


April-June 1969 

| | 
Average Maximum | Minimum 

samples 


Number 


ND | 3 ND | ND 


16 73.2 


3 ND | ND | 
| 
| 

| 


3 
13 
11 
13 








® This station is on the Nuclear Fuels Services reprocessing plant site. 


ND, nondetectable. 
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SECTION III. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in air 
and precipitation provides one of the earliest 
indications of changes in environmental fission 
product radioactivity. To date, this surveillance 
has been confined chiefly to gross beta-radio- 
analysis. Although such data are insufficient to 
assess total human radiation exposure from fallout, 
they can be used to determine when to modify 
monitoring in other phases of the environment. 

Surveillance data from a number of programs 
are published monthly and summarized periodi- 


Network 


Fallout in the United States and 
Other Areas, HASL 

Plutonium in Airborne Particulates 
and Precipitation, PHS 


June 1970 


Period 


January—June 1968 


July-September 1968 


cally to show current and long-range trends of 
atmospheric radioactivity in the Western Hemi- 
sphere. These include data from activities of the 
U.S. Public Health Service, the Canadian Depart- 
ment of National Health and Welfare, the Mexican 
Commission of Nuclear Energy, and the Pan 
American Health Organization. 

In addition to those programs presented in this 
issue, the following programs were previously 
covered in Radiological Health Data and Reports. 


Issue 


October 1969 


February 1970 





1. Radiation Alert Network 
February 1970 


Bureau of Radiological Health 
U.S. Public Health Service 


Surveillance of atmospheric radioactivity in the 
United States is conducted by the Radiation Alert 
Network (RAN) which regularly gathers samples 
at 73 locations distributed throughout the country 
(figure 1). Most of the stations are operated by 
State health department personnel. 

The station operators perform “field estimates” 
on the airborne particulate samples at 5 hours after 
collection, when most of the radon daughter 
products have decayed, and at 29 hours after 
collection, when most of the thoron daughter 
products have decayed. They also perform field 


estimates on dried precipitation samples and 
report all results to appropriate Bureau of 
Radiological Health officials by mail or telephone 
depending on levels found. A compilation of the 
daily field estimates is available upon request from 
the Radiological Surveillance Branch, Division of 
Environmental Radiation, BRH, Rockville, Md. 
A detailed description of the sampling and 
analytical procedures was presented in the April 
1968 issue of Radiological Health Data and Reports. 

Table 1 presents the monthly average gross beta 
radioactivity in surface air particulates and 
deposition by precipitation, as measured by the 
field estimate technique, during February 1970. 
Time profiles of gross beta radioactivity in air for 
eight Radiation Alert Network stations are shown 
in figure 2. 

All field estimates reported were within normal 
limits for the reporting station. 
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Radiation Alert Network sampling stations 
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fable 1. Gross beta radioactivity in surface air and precipitation, February 1970 





Station location 


Ala: Montgomery -- 
Alaska: Adak- ; 
Anchorage__- 
Attu Island__ 
Fairbanks 
Juneau 
Kodiak 
Nome_. 
Point Barrow 
St. Paul Island_- 


Phoenix. 
Little Rock_ 
Berkeley 
Los Angeles 
Ancon 
Denver 
Hartford 
Dover. 
Washington 
Jacksonville 
Miami 


Atlanta 
Guam: Agana__- 
Hawaii: Honolulu_- 
Idaho: Boise ciiaicad 

- Springfield ____ 

Ind: Indianapolis 
Iowa: Iowa City 
Kans: Topeka- 
Ky: Frankfort 
La: New Orleans__- 


Maine: Augusta__- 
Md: Baltimore _ _ _- 
Rockville___- 
Mass: Lawrence___- 
Winchester _ 
Mich:  Lansing--_-_- 
Minn: Minneapolis 
Miss: Jackson 
Mo: Jefferson City _- 


Helena_- 
Lincoln____- 
Las Vegas 
Concord___- 
Trenton__ 

: Santa Fe_ 
Albany-------- 
Buffalo___- 
New York City 
Gastonia_ 

<: Bismarck 


Cincinnati__ 
Columbus - - - 
Painesville a ee 
Oklahoma City_......-.--- 
Ponca City _- 
Portland 
Harrisburg 
San Juan__ 
Providence _ - 
Columbia 
: ee... 
Nashville__ 
Austin _ _- 
El Paso__-- 
Salt Lake City---- 
Barre 
Va: Richmond _- 
Wash: Seattle____ 


W. Va: Charleston_-__----- 
Wisc: Madison__-_-__- 
Wyo: Cheyenne 





Number 
o 
samples 


| Precipitation 


Air surveillance | Last | 
gross beta radioactivity | profile Number | Field estimation of deposition 
(pCi/m*) in of Total | 
RHD&R | samples | depth 2. 
| (mm) | Number Depth | Total 
of (mm) | deposition 


Maximum | Minimum samples | (nCi m?) 


| Dec 69 
Dec 69 
June 70 
Jan 70 
Sept 69 
Oct 69 
Nov 69 
Mar 70 
Feb 70 
Apr 70 


30 


~ 


| Oct 69 

June 70 
Nov 69 
Mar 70 
Nov 69 
Nov 69 
Sept 69 
May 70 
Feb 70 

June 70 
Sept 69 


a © OO 


-~ Oo 


Apr 70 
| May 70 
Jan 70 
Jan 70 
Feb 70 
Apr 70 
Nov 69 
June 70 
Feb 70 
Feb 70 


mh 


— ee 


Mar 70 
Sept 69 
Jan 70 
May 70 
Dec 69 
Jan 70 
May 70 
Mar 70 
Apr 70 


NNR ORF OrrKO 


Dec 69 
Apr 70 
Sept 69 
Feb 70 
Mar 70 
Dec 69 
Apr 70 
Nov 69 
Dec 69 
Nov 69 
Feb 70 


wm Orbos 


-DeOOoOWwe- 


May 79 
Mar 70 
Sept 69 
Jan 70 
Sept 69 
Apr 70 
Apr 70 
Mar 70 
Jan 70 
Dec 69 
Oct 69 
Jan 70 
May 70 
Feb 70 
Mar 70 
June 70 
June 70 
June 70 
May 70 
Dec 69 
June 70 
Sept 69 


-_ 
oS 
oS 


NK Oor ort 


=> 


wNoocrooon 





Network summary 








_ 
Be) Nee eH OO OR RNR Ne WO 
to 


_ 
_ 





























® The monthly average is calculated by weighting the field estimates of individual air samples with length of sampling period. 
» No report received. (Air samples received without field estimate data are not considered by the data program.) 


¢ No precipitation sample collected. 


« This station is part of the plutonium in precipitation network. No gross beta measurements are done. 
¢ Samples were collected but no field estimates were received. 
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Figure 2. Monthly and yearly profiles of beta radioactivity in air—Radiation Alert Network, 1964-February 1970 
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2. Canadian Air and Precipitation 
Monitoring Program’, February 1970 


Radiation Protection Division 
Department of National Health and Welfare 


The Radiation Protection Division of the 
Canadian Department of National Health and 
Welfare monitors surface air and precipitation in 
connection with its Radioactive Fallout Study 
Program. Twenty-four collection stations are 
located at airports (figure 3), where the sampling 
equipment is operated by personnel from the 
Meteorological Services Branch of the Department 
of Transport. Detailed discussions of the sampling 
procedures, methods of analysis, and interpretation 
of results of the radioactive fallout program are 
contained in reports of the Department of National 
Health and Welfare (1-5). 

A summary of the sampling procedures and 
methods of analysis was presented in the May 1969 
issue of Radiological Health Data and Reports. 

Surface air and precipitation data for February 
1970 are presented in table 2. 

1 Prepared from information and data obtained from the 


Canadian Department of National Health and Welfare, 
Ottawa, Canada. 


Table 2. Canadian gross beta radioactivity in surface 
air and precipation, February 1970 





Air surveillance gross | 
beta radioactivity 
(pCi/m*) 


Precipitation 
| measurements 


Number 

Station Average| Total 

concen- | deposi- 
tration tion 
(pCi/ (nCi 
liter) m?) 


Oo 
| samples | Maxi-| Mini- 
mum | mum | Average 


Calgary -. ae 
Coral Harbour- 
Edmonton 

Ft. Churchill 


OO 


Fredericton 
Goose Bay 
Halifax 
Inuvik-__- 


— hoe bo 


Montreal__--- -- 
Moosonee 
Ottawa _ - 
Quebec 


ebb 


IR i ccccrwins 
Resolute ’ 
St. John’s Nfld 
Saskatoon 


—— hoe 


Sault St. Marie _- 
Thunder Bay -_-- 
Toronto-___- 
Vancouver 


whore 


Whitehorse__-- - - 
Windsor 
Winnipeg ee 
Yellowknife 

















Nore bo 


=. } 
Network | 
summary------| 











NS, no sample. 
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Figure 3. Canadian air and precipitation sampling stations 
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3. Pan American Air Sampling Program 
February 1970 


Pan American Health Organization 
and 
U.S. Public Health Service 


Gross beta radioactivity in air is monitored by 
countries in the Americas under the auspices of the 
collaborative program developed by the Pan 
American Health Organization (PAHO) and the 
U.S. Public Health Service (PHS) to assist 
PAHO-member countries in developing radiologi- 
cal health programs. 

The air sampling station locations are shown in 
figure 4. Analytical techniques were described in 
the January 1968 issue of Radiological Health Data 
and Reports. The February 1970 air monitoring 
results from the participating countries are given 
in table 3. 
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Figure 4. Pan American Air Sampling Program stations 
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Table 3. Summary of gross beta radioactivity in 
Pan American surface air, February 1970 





} Gross beta radioactivity 
Number} (pCi/m') 
Station of 
samples | 


Maximum | Minimum | Average* 


Buenos 
Aires 
La Paz 
Santiago 
Bogota. 
Cuenca 
Guayaquil 
Quito_ 
Guyana: Georgetown 
Jamaica: Kingston 
-eru: Lima 
Venezuela: Caracas 
West Indies: Trinidad 


Argentina: 


Bolivia: 
Chile: 
Colombia: 
Ecuador: 


Pan American summary- -- 7 ; 0.06 








® The monthly average is calculated by weighting the individual sample 
with length of sampling period. Values less than 0.005 pCi/m* are used in 
averaging as 0.00 pCi/m. 

NS, no sample. 


4, Tritium in Precipitation 
January-June 1969 


Bureau of Radiological Health 
U.S. Public Health Service 


The Radiation Alert Network (RAN) of the 
Bureau of Radiological Health, Public Health 
Service, established a tritium in precipitation 
program in 1967. Nine stations were selected 
covering the United States, including Alaska and 
the Hawaiian Islands. The locations of these 
stations are listed in the tables. 

Rain analysis represents a sensitive technique 
for monitoring of tritium in the environment. Any 
significant addition of tritium into the natural 
cycle can be easily and rapidly detected by rain 
analysis, primarily due to considerable improve- 
ments in the low-level counting techniques for 
tritium (6). The procedure for analyzing these 
samples and the data for 1967 and 1968 were 
reported previously (7). 

The data for January-June 1969 appears in 
table 4. The concentration of tritium at these 
stations for this period remains at the same level as 
previously reported. 
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Table 4. Tritium analysis of precipitation from RAN 


stations, January-June 1969 





Concentration 
(nCi/liter) 


Locations 


March] Apri 


N.C: Gastonia- eh eae 
Alaska: Anchorage 

Ala: Montgomery - - ----_- 
S. Dak: Pierre-_------ 

La: New Orleans_-_-- 

Tex: Austin 

Colo: Denver- OE 
Hawaii: Honolulu 

Wash: Seattle 


NWNNUNNANWNWe 























NS, no sample. 





5. Plutonium in Airborne Particulates and 
Precipitation, July-December 1968 


Bureau of Radiological Health 
U.S. Public Health Service 


The Radiation Alert Network (RAN) of the Bu- 
reau of Radiological Health, Public Health Service, 
routinely analyzes airborne particulate and precip- 
itation samples from selected RAN stations for 
plutonium. The airborne particulate and precipita- 
tion analyses were initiated in November 1965 and 
August 1966, respectively, and the results through 
September 1968 have been previously reported 
(8-18). 

Air filters from 11 RAN stations are analyzed 
for plutonium. A monthly composite is made of 
one-half of each individual air filter from each of 
the 11 stations and sent to the PHS Northeastern 
Radiological Health Laboratory (NERHL) for 
analysis. The laboratory reduced this analysis on 
filters to quarterly composites as of the August 1, 
1968 sample. They also discontinued analysis of 
precipitation for plutonium due to consistently low 
levels of plutonium in the environment after 
September 30, 1968. Eight RAN stations submit 
complete collections of precipitation for plutonium 
analysis. An 8-liter (or whatever is available) 
aliquot of the monthly collection of each of the 8 
stations is forwarded to the NERHL for analysis. 
The analytical methodology for processing these 
samples is described in the December 1968 issue 
of Radiological Health Data and Reports (8). 


June 1970 


The results for July through December 1968 are 
presented in tables 5 and 6. Nondetectable (ND) 
has been used to indicatesamples containing pluton- 
ium-238 or plutonium-239 activities less than or 
equal to the appropriate minimum detectable 
activities (0.020 pCi and 0.015 pCi per sample for 
plutonium-238 and plutonium-239, respectively). 
Sample size varies, generally ranging from 20,000 
to 30,000 cubic meters of air for the air filter 
samples and from 2 to 8 liters for the precipitation 
samples. 


Table 5. 


Plutonium in airborne particulates 


July-December 1968 





Plutonium-—| Pluotnium-| Plutonium-— 
238 236 239/plu- 
(fCi/m!*) tonium-—238 


Month 
(1968) 


Location 


Alaska: 

Anchorage__._| July 0.004 0.018 
Aug-Sept-_-- .007 .035 
Oct—Dee . .029 


(fCi/m?) 


Ariz: 
Phoenix......| July. _----- . 004 .023 
Aug-Sept---- OL: .079 
Oct-Dec , .067 
Colo: 
Denver = wae ; .060 
Aug-Sept--_-- NS NS 
Oct-Dec - ‘i ‘i 
Hawaii: 
Honolulu._...| July--_----- 
Aug-Sept---- 
Oct-Dec 
La: New 
Orleans out Mw P 
Aug-Sept---- 
Oct-Dec 
Md: 
Rockville__..-| July ----- 
Aug-—Sept-__- 
Oct-Dec 


a 
Aug-—Sept-__- 
Oct-Dec - - - 
N.C: 
Gastonia__...| July. _-.---- 
Aug-—Sept-._- 
Oct-Dec _ - 
8. Dak: 
Pierre__._.._..| July sides 
Aug-Sept-__- 
Oct-Dec 
Tex: 
Austin_______| July 4 
Aug-Sept---- 
Oct-Dec 
Wash: 
Seattle.......| July..... 
Aug-—Sept-__- 
Oct—Dec_ - 























a September sample only. 
NS, no sample. 


Errata: The previous tables presenting data for 
plutonium-238 and plutonium-239 in precipitation 
and airborne particulates for July-September 1968 
have some errors in calculations. This data appears 
in Radiological Health Data and Reports 11:92-93 
(February 1970). Incorporated in this article are 
corrected tables for the July-September 1968 data 
and additional data from October-December 1968. 
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Table 6. Plutonium=-238 and plutonium -239 in precipitation, July-September 1968 











| 
Concentration 


ntl Deposition 
(pCi/liter) i 


Precip- (pCi/m?) 


Location Month itation 


s ! 
| (mm) Pluto- Pluto- 


Pluto- Pluto- 


| 
Alaska: Anchorage__- | July 
August 
September- 
Colo: Denver ; July 
August_-_ ‘ 
September __ 
Hawaii: Honolulu July 
August _- 
September_- 
New Orleans July 
August 
September 
Rockville July 
| August 
September- - 
Gastonia July 
August _ 
September 
Austin July 
August 
September__- 
Wash: Seattle_- July 
August __ 
September 


ND, nondetectable. 
NS, no sample. 
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| 

| 

(1968) | depth | 
| 


| 
| 
|——— 


nium i nium-239 | nium-238 | nium-239 
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0.006 0.025 | 0.12 
ND | 
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SECTION IV. OTHER DATA 


This section presents results from routine sam- 
pling of biological materials and other media not 
reported in the previous sections. Included here 


are such data as those obtained from human bone 


sampling, Alaskan surveillance, and environmental 


monitoring around nuclear facilities. 





Iodine-131 in Bovine Thyroids, Summary of Program Operations, 1963-1969 


Bureau of Radiological Health 
U.S. Public Health Service 


A program to supplement existing environ- 
mental radiation surveillance activities, by collect- 
ing and analyzing bovine thyroids for iodine-131, 
was initiated in September 1962 on a pilot scale. 
The major planned objectives of the program were: 
(1) to establish methods for collection and analysis 
of bovine thyroids for the purpose of instituting an 
operational surveillance network, and (2) to 
provide a basis for developing a mathematical 
model relating iodine-131 concentrations in the 
bovine thyroid to those in milk, which might make 
it possible to estimate retrospectively iodine-131 
levels in milk for the period 1952 to 1957, when 
bovine thyroids were analyzed for iodine-131 but 
milk was not. 

The program, conducted in cooperation with the 
Meat Inspection Division, U.S. Department of 
Agriculture, was initiated with Salt Lake City, 
Utah, and Des Moines, Iowa, as collection points. 
In October 1962, Seattle, Wash., was added. In 
April 1963, the program was expanded to include 
areas where cows are on pasture all year and where 
many brucellosis and tuberculosis reactors come to 
slaughter. The added stations were Montgomery, 
Ala.; Atlanta, Ga.; New Orleans, La.; Jackson, 
Miss.; Oklahoma City, Okla.; and Dallas-Fort 
Worth, Tex. Modifications were subsequently 
made in the program to include additional 
collection areas, and therefore, broader coverage. 
Some of the collection areas were in locations 
which are in the PHS Pasteurized Milk Network; 
this was expected to be useful in obtaining 
comparable data for iodine-131 in milk and in 
bovine thyroids. 

Because of the low levels of radioactivity 


June 1970 


detected during preceding periods, the program 
was discontinued as of March 1, 1969. Provisions 
have been made to resume sampling of bovine 
thyroids if environmental levels of iodine-131 
increase significantly in the future. 


Program summary 


During the period from September 1962 through 
February 1969, the bovine thyroid collection and 
analysis program underwent a number of changes. 
The early months of the program were devoted to 
establishing procedures for the collection of thyroid 
glands and performing analyses for iodine-131. By 
the end of January 1963, the program became 
operational and the results of the findings for the 
period, January 20 to June 29, 1963, were 
published in October 1963 (1). 

By the end of 1963, iodine-131 levels were 
generally down to the limit of reliability in 
detection, and the program was temporarily 
suspended through September 1964. It was re- 
sumed in October 1964 and continued through 
February 1969. During this period the influx of 
iodine-131 was detected following a number of 
foreign atmospheric nuclear detonations. In all, 
a total of 15,300 bovine thyroids were collected 
and analyzed for iodine-131. 

The sampling and analytical procedures and 
discussions of error factors were published in early 
reports on the program (1-3). Data developed 
during the operation of the bovine thyroid 
program appeared in these and in subsequent 
issues of Radiological Health Data and Reports 
(4-15). 





Table 1. 


Period 
covered 


Jan 20—June 29, 1963 


1963 
1964 


June 30, 
Jan 3, 


Jan 4-Sept 1964 


Oct—Dee 1964 


Jan—June 1965 


July—Dee 1965 


Jan—June 1966 


July—Dec 1966 


Jan-Mar 1967 


April—Sept 1967 


Oct—Dee 1967 


Number of 
thyroids 
analyzed 


760 


5 | Ala., 


(1) Calif.; 


Origin of samples by 
State or region 


Ala., Ark., Colo., 
La., Miss., Mo., 
Wash., Wyo. 


Ga., 
Okla., 


Idaho, Iowa, 
Tenn., Tex., 


Kans., 


Utah, 


Ark., 
Kans., La., 
S. Dak., 


., Ga., Idaho, 
Mont., 
Ute ah, 


Colo., 
Miss., } 
Tenn., Tex., 


Iowa, 
Nebr., Okla 
Wash. 


Calif., Colo., 
Ky., Minn., 
Tenn., Tex., 


Ga., Idaho, Iil., 
Miss., Mont., 
Utah, Vt., 


lowa, 
N. Zo 
Wash., Wi is., 


~Kans., 
Dak., 
Wyo. 


Ariz., Calif., Colo., Ga. 
Ky., Minn., Miss., N. 
Okla., S.C., 8S. Dak., 

Wyo. 


Idaho, low: ™ Kans., 
Mex., N.Y. De a 
Tenn., Tex., U fh, 


(2) Wash., Idaho, Utah; (3) Colo., 
N. Mex., ean Nebr; (4) N. Dak., S. 
Dak., Minn., Iowa, IIl., Wis. =gee , north- 
west ‘Ind.: (5) Ark., Miss., (6) T «> Ky., 

ie southern Ind., ‘western N.C., (7) N. eas 
Vt. 

1) Calif.; (2) Idaho, Utah, Wash.; 
N. Mex., northwestern Tex.; western Kans.; 
(4) Ill.; Iowa, Kans., Minn., 8. Dak., Wis.; 
(5) Ark., Miss., Okla., eastern Tex.; (6) Ga., 
N.C., 80., (7) N.Y., Vt. 


(3) Colo., 


(1) Southwestern Ariz., Calif.; (2) northern 
Calif.; Idaho, Nev., Ore., Utah, Wash., 
Wyo.; (3) northeastern Ariz., Colo., N: 
Mex., western Tex.; (4) Kans., low a, Minn., 
N. Dak., S. Dak., Wis.; (5) Miss 

eastern bk (6) Ga., N.C. 

(7) N.Y. 


(1) Ariz., Calif.; 
Wash.; (3) Colo., 
(4) Iowa, Kans., 8. 
eastern Tex.; ( a 


(7) NF. V6. 


(2) “Idaho, Oreg., Utah, 
: western, Tex.; 
Wi ie. (5) Okla., 

N. C., 8.C ., Tenn.; 


Ariz., Calif., Ga.. Idaho, 
N.C., N.Y., Okla., Oreg., S8.C., S. 
Tenn., Tex., Utah, Wash., Wyo. 
Ariz., Calif., 
Minn., Miss., 
Okla., Oreg., S.C. 
Wash., Wis. 


Ga., Idaho, lowa, 
Nebr., Nev 


ae Dak., Tenn., 


Kans., La. 


Te Ris 


| 875 from lactating cows; 
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Remarks 


427 from lactating cows; 333 from nonlactating cows. The highest 
levels were recorded during January and February, principally in 
the Des Moines, Iowa, and Kansas City, Mo., milksheds. Fifteen 
specimens had values over 100 pCi/g thy roid, including 3 having 
levels of 202, 240, and 378 pCi/g. 


570 from nonlactating cows. Iodine-131 
concentrations during this period were generally down to the limit 
of reliability. 


Program temporarily suspended 


Iodine-131 activity detected following October 16, 1964, atmos- 
pheric nuclear detonation on Chinese mainland. Levels were par- 


ticularly high in Colorado and New York. 
| 


Influx of iodine-131 from mainland China atmospheric detonation 
of May 14, 1965, was clearly evident in June samples. 


Reporting by geographic grouping of States instituted. Several 
samples from California (Fresno, Merced, San Joaquin, Santa Clara) 
showed levels of 50 to 200 pCi/g thyroid, possibly resulting from 
a release from a nuclear facility. 


Influx of iodine-131 following a mainland China atmospheric deto- 
nation of May 9, 1966, was evident; highest average values were 
observed in group 3, 4, 5, 6 States, ranging from 175 to 350/g 


thyroid, through mid-June. 


“Todine-131 levels declined to barely detectable levels in early August. 


New influx following Chinese test of October 27 observed through 
November and December, ranging up to 280 pCi/g in late November 
and early December. 


“Influx of iodine-131 following Chinese test of December 27, 1966, 


was observed through January, declining to nondetectable levels by 
mid-February. Peak concentrations in :ndividual thyroids ranged 
from about 600 to 3,260 pCi/g, and were especially high in central 
California and in group 2, 3, 4, and 6 States. 


Todine-131 levels were generally nondetectable, although a small 
rise, diffused throughout the network occurred in mid to late July, 
with meximum levels around 20 to 25 pCi/g. 


Levels were nondetectable, except for one sample (C ooke County, 
Texas), which contained 1! 5 pCi i/g. 





Jan-Mar 1968 


Apr-June 1968 


July—Sept 1968 


Oct—Dec 1968 


Jan-Feb 1969 














| Minn., Mi 
| Ws ash., 


445 | 


Ariz., € 
Minn.., 
Dak., 


Yalif., ¢ 
NY NC 


Tenn., Tex. 


penne, Iowa, 
> 8.C 
, We ash., Wis. 
Ariz., Calif., Ga., Idaho, 
Minn., Miss., Nebr., > 
S.C., S. Dak., Tenn., Tex., Vt., 


La. 
Okla. 
Wis. 


Idaho, Iowa, 
9 ee N 


lowa, Kans., 
.Y., N.C., 
Wash., 


Ariz., Ark., Calif., 
Kans., vy » Mi 


Cc olo., , Ga. 


» Mo., 


Ariz., Towa, La. 
, Okla 


Vt. 


Calif., Colo., Ga., Idaho, 

s., Nebr., N. Mex., 
Dak., Tenn., 
Wyo. 


a 
Wis., 


Oreg., 7 ex., 


co alif., 
N.Y. 
Wash., 


Ariz., 
N. 


Tex., 


, Colo., Ga., Idaho, La., 
, Okla., 8.C., 8S. Dak., 
Wis., Wyo. 


Miss., 
‘enn., 





Moderate elevations of iodine-131 were found in 8 States during 
parts of January and February. The most active sample was col- 
lected in South Dakota, January 24, and contained 83 pCi/g. 


Levels were generally undetectable; 


one sample (Walla Walla, 
Wash.) showed a level of 7 pCi/g. 


Moderate elevations were found in 11 States; the most active was 
collected in Garfield County, Colo., on July 30, and contained 44 
pCi/g. 


‘Levels were for the most part low or nondetectable. Two samples 


(Maricopa, 


Ariz., and Mesa, Colo.) showed levels of 31 pCi/g on 
Oct. 4 


Minor elevations were found in 10 States. The most active samples 
were in Delta County, Colo., and Washington County, Idaho, on 
January 3. The levels were 23 and 36 pCi/g, respectively. 





Review of findings 


A general summary of the findings of the 
program is presented in table 1. Because of changes 
in the geographic alignment of the sampling 
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locations during the course of the program and in 
emphasis with respect to some parameters investi- 


gated, no attempt will be made to summarize the 
data. The individual reports should be consulted 
for the actual values obtained and for discussions 
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of factors that might assist in placing the data into 
perspective. A number of conclusions, some of 
them confirmatory of studies reported by other 
investigators, may be drawn from the results of the 
determinations of iodine-131 in bovine thyroids. 

1. The collection and analysis of bovine thyroids 
is an extremely sensitive method for the detection 
of intrusions of iodine-131 into the environment. 
Based on an earlier calculation (16) that milk levels 
(in pCi/liter) are, on the average, about 8 percent 
of the thyroid levels (in pCi/g) for iodine-131, then 
the lower limit of reliability for thyroid determina- 
tions would be equivalent to about 0.6 pCi/liter 
of milk. The data resulting from the bovine 
thyroid program were too scattered and variable to 
confirm this ratio; nevertheless, comparisons made 
in milkshed areas where cows were grazing before 
slaughter showed substantially higher (averaging 
something like an order of magnitude) iodine-131 
values in thyroids than in milk following a foreign 
atmospheric nuclear test (3). Moreover, the 
increases in air radioactivity levels at the same 
locations were either slight or barely detectable, 
although they occurred sooner than the peak levels 
in the bovine thyroids. 

2. Analyses of bovine thyroids for iodine-131 do 
not provide as quick a response to the intrusion 
of fresh fission products into the environment as 
the determination of radioactivity in air. It cannot, 
therefore, serve as an alerting approach; however, 
it is specific for iodine-131 and for that reason is a 
highly useful supplementary environmental assess- 
ment mechanism. 

3. Thestudy provided information that may be 
applied to studies involving considerations of 
metabolic and meteorologic pathways whereby 
intrusions of iodine-131 affect man. Among other 
things, it was determined that the effective 
half-life of iodine-131 in bovine thyroids ranged 
from 3 to 6 days (3). This closely parallels the data 
reported by the Federal Radiation Council for milk 
after deposition of this radionuclide on pasture 
(17). It may also be of interest that, in most of the 
locations for which the appropriate data were 
reported, the iodine-131 levels were higher in 
nonlactating cows than in lactating cows. The 
development of a model to relate iodine-131 
concentrations in bovine thyroids to those in milk 
has not been undertaken to date; however, some 
rough correlations have appeared. These may be 
useful in estimating retrospectively the iodine-131 
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concentrations in milk in areas where bovine 
thyroid estimates were made prior to the initiation 
of milk-monitoring programs. 

4. Guidelines were established which will 
facilitate a resumption of analyses for iodine-131 
in bovine thyroids should such an action be 
indicated. The sensitivity and specificity of this 
procedure favor it as an adjunct to other environ- 
mental surveillance activities in identifying a 
fresh fission product intrusion. In at least one 
instance during the operation of the bovine 
thyroid program, iodine-131 was detected in 
bovine thyroids at a sampling location after a 
foreign nuclear test, while milk samples taken 
from the same pasture area failed to reveal 
evidence of the radionuclide (3). 
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Strontium-90 in Human Bone, July-September 1969! 


Bureau of Radiological Health 
U.S. Public Health Service 


To obtain data on the concentration of stron- 
tium-90 in man by age and geographical region, 
the Public Health Service began collecting human 
bone specimens in late 1961. Analyses of selected 
samples of people in older-age groups have shown 
their bone strontium-90 content to be low and 
age-independent (1). Consequently, the target 
population includes children and young adults up 
to 25 years of age. 

Although a few samples come from living persons 
as a result of surgical procedures, the majority are 
obtained post mortem. In the latter case, the 
specimens are limited to accident victims or 
persons who have died of an acute disease process 
that was not likely to impair bone metabolism. For 
analytical purposes, a sample of at least 100 grams 
of wet bone is desired. Generally, this amount is 
readily available from older children, but it 
presents some difficulties from the standpoint of 
infants and children under 5 years of age. Most 
specimens received to date have been vertebrae 
and ribs. 


| Period during which death or surgical procedure occurred. 


Laboratory procedures 


The bones are analyzed at the Northeastern 
Radiological Health Laboratory of the Bureau of 
Radiological Health, at Winchester, Mass. Sample 
collection and preparation are explained elsewhere 
(2). Strontium-90 is measured by tributyl phos- 
phate extraction of its yttrium daughter, which is 
precipitated as an oxalate. The strontium-90 
content is then calculated (3) from the yttrium-90 
activity. For the purpose of maintg@ining analytical 
reproducibility, “blind” duplicate analyses are 
performed on 10 to 20 percent of the samples. 

The analytical results for strontium-90 in 
individual bones from persons dying during the 
third quarter (July-September) of 1969 are pre- 
sented in table 1 in order of increasing age within 
each geographical region. These regions are indi- 
cated in figure 1. Reported values are given in 
picocuries of strontium-90 per kilogram of bone 
(as a rough indication of dose) and per gram of 
calcium (for comparison with other data and for 
purposes of model development). Two-sigma 
counting errors are reported for the bone 
concentration. 

















Figure I. 


Geographical regions for human bone sampling 
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Table 1. Strontium-90 in human bone, July-September 1969 





Strontium-90 Calcium 
concentration® | concentration | Sr/Ca 
(pCi/kg bone) (g/kg bone) (pCi/g) 


Bone region and State 


Northeast: 


New York 
New Jersey 
New York 
Vermont- -- 
New York 


Pennsylvania- - -- - - 
Massachusetts - - 
New York__ 





Adidicicicicicicicinc 
rey cr red tt 


Southeast: 


North Carolina - - - 
South Carolina 
North Carolina 
Maryland 


NKR WNWOKNWNNKNWONKONN KE NNNNWwWOIG® 


South Carolina 
Maryland 


North Carolina 
Maryland 
Georgia_- 
South Carolina 
Maryland 


dididididididididdicicidicicdicicicic 


V 
V 
IS 

Vv 
Vv 
Vv 
V 
Vv 


Georgia--.- - - 
Maryland 


NWSNUONOCNNNH we 


Central: 


Wisconsin--- 
Minnesota - - 
Wisconsin__-- 
Minnesota _ - 
Wisconsin 
Minnesota - - - 
Wisconsin 
Minnesota _ - - - 


toc =) 
NQOonauce 


Br AAT tO Oo Ore 


woe 


Michigan _ 


Minnesota - 
Michigan _ - 


dddddddddddddddddddddddddcdddddc<< 
fet et pet tet tet pet et et BD ND ND ND et et tt GB tr 


D 2G we or 
NWDOWKAQNaINNNwes 


Northwest: 


Oregon 




















See footnotes at end of table. 
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Table 1. 


Strontium-90 in human bone, July-September 1969—Continued 





Bone Age> 


Bone region and State (years) 


Strontium-90 
concentration © 


Calcium 
concentration 


Sr /Ca 
(pCi/g) 


Oregon 


Washington 
Oregon 


Southwest: 


California 





Adidas | 





(pCi/kg bone) (g/kg bone) 


104.0+11.0 
93.8+ 8.4 
58.4+ 6.3 
5.6+10.0 

82+ 8.7 
82.3+ 8.: 
38.8+ 5.8 
51.24 6. 
34.1410. 
30.1411. 
19.0+ 9.6 
49.84 5.6 
59.84 9. 


at et at et tN et et et 
ome O60 eon i> ER OD OO ' 


_ 








49.44 7.4 











* Type of bone, V, vertebrae; R, rib; IS, ischium. 
» Age given as of last birthday prior to death. 
¢ Two-sigma counting error. 


Following the pattern of earlier reports, sub- 
sequent articles will continue to provide interpre- 
tation of the data at appropriate stages in the 
program (2-6). 


Recent coverage in Radiological Health Data and Reports: 


Period 
October-December 1968 
January-March 1969 
April-June 1969 


Issue 
December 1969 
March 1970 
May 1970 
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Environmental Levels of Radioactivity at Atomic Energy 
Commission Installations 


The U.S. Atomic Energy Commission receives 
from its contractors semiannual reports on the 
environmental levels of radioactivity in the vicin- 
ity of major AEC installations. The reports include 
data from routine monitoring programs where 
operations are of such a nature that plant environ- 
mental surveys are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation standards 
set forth by AEC’s Division of Operational Safety 
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in directives published in the AEC Manual.! 

Summaries of data from the environmental 
radioactivity monitoring reports follow for the 
Mound Laboratory and the National Reactor 
Testing Station. 


1 Title 10, Code of Federal Regulations, Part 20 “Stand- 
ards for Protection Against Radiation,’ contains essentially 
oe a published in Chapter 0524 of the AEC 

anual. 
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1. Mound Laboratory’ 
January-June 1969 


Monsanto Research Corporation 
Miamisburg, Ohio 


The environmental monitoring program for 
Mound Laboratory is planned and coordinated 
with all of the projects conducted at the labora- 
tory. Air and water monitoring in the uncontrolled 
environs surrounding the laboratory is specified 
for the radionuclides which could be released to 
the environment. Only polonium-210, plutonium- 
238, and tritium (hydrogen-3) are potential en- 
vironmental contaminants. 


Air monitoring 


Mobile air monitoring equipment, mounted on 
a 1-ton panel truck, for measurement of tritium 
and collection of particulate alpha-particle emit- 
ters was used in the routine monitoring of environ- 
mental air within a radius of 20 miles from the 
laboratory during the collection period. Since the 
sampling zone is dependent on the wind direction, 
it is possible that air samples from all zones will 
not be collected during the reporting period. 

Airborne polonium and plutonium particulates 
are collected with a high-volume air sampler. The 
filter papers are then processed such that counting 
results are specific for polonium and plutonium. 
One fourth of each filter paper is processed by 
spontaneous deposition to isolate polonium. The 
remaining three fourths of each filter paper is 
processed chemically to remove polonium. The 
remaining alpha radioactivity is interpreted as 
plutonium; however, some of this alpha radio- 
activity is probably due to naturally occurring 
alpha-particle emitters. 

Airborne tritium is monitored by bubbling air 
through a liquid scintillation counting solution 
with p-dioxane as the organic solvent. The 
counting solution is counted directly in a liquid 
spectrometer. 

The results of the airborne monitoring program 
are presented in tables 1, 2, and 3. The average 
concentrations of plutonium, polonium, and 
tritium, in the environment are below the AEC 
vadiation protection standards. 


2 Summarized from “Environmental Monitoring Report: 
January-June 1969” (MLM-1615). 
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Table 1. Atmospheric monitoring of polonium-210 
Mound Laboratory environs, January-June 1969 





Concentration | 
(fCi/m)« Average 
as percent 
of AEC 
standards» 


Range Number 
(miles) of 
samples 
Maximum] Average 
| 


aA 

0-3 (upwind) - y 9.i g 
0-3 (downwind) __ ‘ ia 3 

2 } 

} 


3-5 (downwind) 
3-10 (downwind) --- 
10-15 (downwind) _- 
15-20 (downwind) -- 








® Lowest detectable level (LDL) for polonium-210 in air is 8.0 fCi/m* 
for samples collected 0-3 miles upwind, 3-5 miles downwind, 5-10 miles 
downwind, and 10-15 miles downwind. The LDL is 5.3 fCi/m# for samples 
collected 0-3 miles downwind and 15-20 miles downwind. Allvalues which 
were not detectable were set equal to these values when average values 
were calculated. 

b The applicable AEC radiation protection standard for polonium-210 
in air is 20 pCi/m*. 


Table 2. Atmospheric monitoring of plutonium-238 
Mound Laboratory environs, roudiianeadhe une 1969 


| Concentration | 
Number | (fCi/m3)* | Average 
Range of : as percent 
(miles) samples ) of AEC 
| Maximum Average | standards» 


0-3 (upwind) ---- 

0-3 (downwind) _- 

3-5 (downwind) _- 

5-10 (downwind) -__- 
10-15 (downwind) _-_ 
15-20 (downwind) _____- 








® Lowest detectable level (LDL) for plutonium-238 in air is 1.3 fCi, 
for samples collected 0-3 miles up*vind, 3-5 miles downwind, 5-10 miles 
downwind, and 10-15 miles dow.» ind. The LDL is 0.9 fCi/m? for samples 
collected 0-3 miles downwind a..d 15-20 miles downwind. All values which 
were not detectable were set ¢ qual to these values when average values 
were calculated. 

> The applicable AEC radiation protection standard for plutonium-238 
in air is 70 fCi/m?*. 


Table 3. 


Atmospheric monitoring of tritium, Mound 
Laboratory environs, January-June 1969 


Concentration 
Number (nCi/m*)* 
Range of 


(miles) 


Average 
= as percent 
samples of AEC 
Maximum| Average | standards> 


4.91 1.33 
12.19 1.61 
1.68 1.06 
1.45 1.04 
1.09 1.00 
3.58 1.14 


0-3 (upwind) —— 
0-3 (downwind) --- ---- 

3-5 (downwind) -_- ek 

5-10 (downwind) ---- -- 

10-15 (downwind) 

15-20 (downwind) ---- 





NAOWwWNAaw 


Wythe 














® Lowest detectable limit for tritium in air is 1.00 nCi/m*. All values 
which were not detectable were set equal to this value when average values 
were calculated. 

> The applicable AEC radiation protection standard for tritium in air 
is 200 nCi/m. 


Water monitoring 


Liquid radioactive waste materials from polon- 
ium and plutonium operations at the laboratory 
are processed separately to reduce the concentra- 
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tions of these radionuclides to a level at which they 
may be discharged to the environment. Treated 
polonium liquid waste is discharged to the Great 
Miami River via a closed sewer line which also 
carries the treated plant sewage. The treated 
plutonium waste is discharged to a drainage ditch 
which runs through the plant site and eventually 
reaches the river. 

Helium-3, which is purified at the Mound 
Laboratory, contains small quantities of tritium. 
In addition, tritium is recovered from various 
AEC tritium-contaminated wastes. Liquid waste 
generated by these operations is treated (diluted 
with water when necessary) and is discharged to 
the drainage ditch which runs through the site and 
eventually reaches the river. Some tritium-con- 
taminated liquid wastes are discharged to the same 
closed sewer line as polonium. 


Table 4. 


Water samples are collected weekly from the 
Great Miami River, the drainage ditch, and two 
ponds northeast of Mound Laboratory (figure 1). 
The average concentrations of plutonium and 
tritium in water discharged to the environment 
were well below the AEC radiation protection 
standards. Average concentrations of tritium, 
polonium-210, and plutonium-238 are given in 
table 4 for January—June 1969. 
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Offsite water monitoring for radioactivity, Mound Laboratory environs, 


January-June 1969 





Radionuclide and sampling locations* 


Number 
of 


Concentration 





samples 


Maximum Average> 





Polonium-210:° (pCi/liter) 


(Drainage ditch) ___- 
(Upstream from laboratory) 
(Laboratory effluent) - ’ 
(250-yards downstream) 
(Chautauqua Road Bridge) 
(Chautauqua Dam) - - - 
(Franklin, Ohio) - 


Mound Laboratory) mee 
(Pond, Possum Creek Reserve, Dayton, ‘Ohio, 
Mound L aboratory) _....----- 


© MNOUrWhe 


Plutonium-238:¢ (pCi/liter) 


(Drainage ditch) 

(Upstream from laboratory) 

(Laboratory effluent) - 

(250-yards downstream) 

(Chautauqua Road Bridge) 

(Chautauqua Dam) 

(Franklin, Ohio) _ . ae 

(Pond, opposite V.A. Hospital, Dayton, | 
Mound L aboratory) - x 

(Pond, Possum Creek Reserve, Dayton, Ohio, 


CON orm ooh 


— 


Tritium® (hydrogen-3): (wCi/liter) 


(Drainage ditch) _ ‘as 

(Upstream from L aboratory) - 

(Laboratory effluent) _ ‘ 

(250-yards downstream) - selene 

(Chautauqua Road Bridge) 

(Chautaugua Dam) 7 

(Franklin, Ohio) -___- ‘ a 

(Pond, opposite V.A. Hospital, Dayton, Ohio, 
Mound Laboratory) - 


(Pond, Possum Creek Reserve, Dayton, ‘Ohio, 6 1 


Mound Laboratory) ---- -- é 


(Pond, opposite V. A. hospital, “Dayton, Ohio, 8 miles NE of 


5 miles NE 


miles NE 


§ miles NE 
CS EER PE COE Ie i 














8 See figure 1 for number of sampling locations. 


> The applicable AEC radiation protection standards for uncontolled area are as follows: 
Polonium-210 in water: 700 pCi/liter. 


Plutonium-238 in water: 5 nCi/liter. 


Tritium in water: 3 uCi /liter. 


¢ Minimum detectable level for polonium-210 in water is 1.80 pCi/liter. 
Minimum detectable level for plutonium- 238 in water is 4.5 pCi/liter. 
Minimum detectable level for tritium in water is 50 nCi/liter. 
All samples which were not detectable were set equal to their respective minimum detectable level when average 


values were calculated. 
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Figure 1. Water sampling locations, Mound Laboratory 





2. National Reactor Testing Station? 


July-December 1968 


Health Services Laboratory 
Idaho Falls, Idaho 


Data from the environmental monitoring net- 
work on and around the National Reactor Testing 
Station (NRTS) in eastern Idaho revealed that 
NRTS operations during the second half of 1968 
did not contribute significantly to environmental 
radiation or radioactivity concentration levels. 


3 Summarized from ‘Environmental Monitoring Report 
No. 23, July-December and Annual Summary—1968,”’ 
U.S. Atomic Energy Commission, Idaho Operations Office, 
a ee Services Laboratory, National Reactor Testing 
tation. 


June 1970 


These levels remained well below the Atomic 
Energy Commission standards as set forth in AEC 
Manual Chapter 0524. These standards are based 
on FRC recommendations. In choosing applicable 
standards for drinking water, credit has been taken 
for the fact that no significant quantities of 
radium-226 or radium-228 have been released to 
the environs by NRTS operations. The concentra- 
tions of radioactivity reported include contribu- 
tions from all sources, such as fallout and natural 
radioactivity. Samples of air, water and milk are 
collected routinely at stations shown in figure 2. 
The results of the analyses performed on the air, 
water, and milk samples are shown in table 5 for 
July-December 1968 and table 6 for the year 1968. 


Water monitoring 


Liquid wastes containing small quantities of 
radioactivity from various operating facilities at 
NRTS are released to the ground-water table 
through disposal wells and seepage ponds located 
near each facility. Before disposal, the liquid wastes 
are monitored at NRTS and, as an added safe- 
guard, offsite underground water samples are 
collected and analyzed regularly from those 
populated areas nearest the site boundaries. 
Samples from these locations, as shown on the 
accompanying map plus the onsite samples, pro- 
vide adequate information on the underground 
water leaving NRTS. A total of 22 onsite produc- 
tion wells are sampled twice monthly. The offsite 
underground water is sampled at 12 locations. 
Offsite surface water samples are collected from 
the Snake River at Idaho Falls and Bliss, Idaho. 
The offsite water sampling frequency is once every 
6 months. 


Air monitoring 


The filters from air samplers, operated con- 
tinuously, are collected and analyzed weekly. 
These filters are analyzed for gross alpha, gross 
beta, and iodine-131 radioactivity. A total of nine 
sampling locations are used for reporting the 
concentration of air radioactivity. The eight 
onsite sampling locations and Idaho Falls are 
shown in figure 2. The offsite concentrations 
indicate the level of radioactivity from natural and 
nuclear fallout material. During 1968, the average 
concentration of gross beta radioactivity onsite 
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Figure 2. 


Table 5. 


Environmental monitoring stations, National Reactor Testing Stations 


Environmental monitoring data for the National Reactor Testing Station, July-December 1968 





| 


Number of 


samples 


Type of sample 


Type of 
and units 


radioactivity 


Onsite production well water (pCi/liter 
except tritium) Alpha--- - 

Beta_ 

Tritium (nCi/liter) 


Alpha_- 

Beta_ . 
Tritium (nCi/liter) 
Alpha_- 

Beta- 


Offsite underground water (pCi/liter 
except tritium) _- 


Surface water (pCi/liter except 
tritium) comuee 


Onsite air (pCi/m!$)_ 
Offsite air (pCi/m*)__ 


Offsite milk (pCi/liter) Iodine-131_ 
Strontium-90 
Gamma 


Offsite area monitoring badges (mR). ‘ 
Strontium-90 


Offsite, wheat_ 








Tritium (nCi/liter) - 


Minimum level 
of detection 


Average radio- 
activity per 
sample 


| 
Maximum radio- 
activity of 
single sample 


AEC 
Standard 


3,000 
3,000 
100 ,000 


100 
100 
3,000 


100 
100 
3,000 
1 

300 





none 














was 25 percent higher than the average background 
concentration measured in Idaho Falls. This 
difference is attributed to operations at the site. 
On the other hand, the average yearly concentra- 
tion of gross alpha radioactivity in Idaho Falls is 
34 percent higher than that at the site. Investiga- 
tions are underway to find the source of this 
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higher gross alpha concentration in Idaho Falls. 
All monitoring results are listed in tables 5 and 6. 


Offsite milk monitoring 


Offsite milk samples are collected from 12 
locations routinely and analyzed for strontium-90 
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Table 6. Environmental monitoring data for the National Reactor Testing Station, January-December 1968 





Type of sample 
units 


Number of 


Type of 
samples 


radioactivity 


Onsite production well water (pCi/liter, 
except tritium) __--- Alpha_. 

Beta- 7 

Tritium (nCi/liter) 


Alpha_- 
Beta 


Offsite underground water (pCi/liter, 
except tritium) -_---- ‘ 


Surface water (pCi/liter, except 
tritium) - : 


Onsite air (pCi/m!)_--_ 
Offsite air (pCi/m?)_- 


Offsite milk (pCi/liter)_ Iodine-131_- 


Strontium-90 
Gamma 








Offsite area monitoring badges (mR)- 


Tritium (nCi/liter) - 


| 
Maximum radio- 
activity of 
single sample 


Average radio- | 
activity per AEC 
sample Standard 


Minimum level 
of detection 


3,000 
3,000 
,000 


100 
100 
3,000 








and iodine-131. A composite grade A sample is 
collected weekly from an Idaho Falls dairy. This 
composite sample contains milk from areas north 
and south of Idaho Falls. Milk samples are 
collected monthly from all sampling locations. The 
sampling locations are shown in figure 2 and the 
results are given in tables 5 and 6. No iodine-131 
was detected at any time during the year. The 
strontium-90 concentrations are attributed to 
worldwide fallout. 


Gamma radiation levels 


Semiannual measurements (table 5) of external 
gamma radiation levels were made with thermo- 
luminescent dosimeters (TLD) at 12 offsite 
locations during July-December 1968. 

Natural background radiation levels at TLD 
locations vary, but studies made prior to nuclear 
operations at the NRTS showed that normal 
background levels were of the order of 50-150 


June 1970 


mR/a. This indicates that NRTS operations have 
added no significant radiation to surrounding 
areas. 


Wheat monitoring 


Wheat samples were collected from six different 
locations during the 1968 fall harvest. The 
sampling locations are shown in figure 2, and the 
analysis results in tables 5 and 6. The wheat hull 
has been found to contain approximately 90 per- 
cent of the strontium-90. This means that only 10 
percent of the measured radioactivity remains with 
the wheat after processing. As in milk, the concen- 
tration of strontium-90 in wheat is the result of 
worldwide fallout. 
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Reported Nuclear Detonations, May 1970 


(Includes seismic signals from foreign test areas) 


During May 1970, nine United States nuclear 
tests at the Nevada Test Site were announced by 
the U. S. Atomic Energy Commission. Two low 
yield tests (less than 20 kilotons TNT equivalent) 
were conducted underground on May 1 and one 
test on May 5, 1970. 

An underground nuclear test with a yield of 
less than 20 kilotons was conducted on May 12, 
1970, at the Atomic Energy Commission’s Nevada 
Test Site as part of a Department of Defense 
program related to methods of detecting, identi- 
fying, and locating underground nuclear deto- 
nations. 

A nuclear test in the low-intermediate yield 
range (20 to 200 kilotons TNT equivalent) was 
conducted May 15, 1970. 

Two nuclear tests were conducted underground 
on May 21, 1970. One was in the low yield range 
of less than 20 kilotons and the other test in the 


low-intermediate yield range between 20 to 200 
kilotons. 


Two underground nuclear tests with different 
purposes were conducted May 26, 1970, by the 
Atomic Energy Commission at its Nevada Test 
Site. One was weapons related and in the low 
yield range of less than 20 kilotons. A small 
amount of radioactivity seeped to the atmosphere 
following this test of May 26, 1970. No radio- 
activity has been detected beyond the immediate 
vicinity of the test. 

The other nuclear test was part of the Com- 
mission’s Plowshare Program to develop nuclear 
explosives especially designed for peaceful uses. 
This test is one of a series developed for the pos- 
sible use in excavation experiments. Following 
this second test on May 26, 1970, a slight release 
of radioactivity to the atmosphere took place. 
There was no release of radioactivity as a result 
of the detonation itself and the radioactivity was 
measurable only in the immediate vicinity of the 
sampling effort, well within the boundaries of the 
test site. Neither release resulted in any health 
hazard to personnel at the site. 
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Proposed reports and notes should contain data and 
interpretations. All accepted manuscripts are subject 
to copy editing with approval of the author. The author 


is responsible for all statements made in his work. 
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other identical manuscripts are not under simultaneous 
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tion. 
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read it for orientation of subject matter. 


Submission of manuscripts 


Send original and one legible copy of the paper, typed 
double-spaced on 8% by 11-inch white bond with 1-inch 
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Submitted manuscripts should be sent to Managing 
Editor, Radiological Health Data and Reports, Bureau of 
Radiological Health, PHS, Rockville, Md. 20852. 


Preparation of manuscripts 
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“Guide” regarding manuscript preparation which is 
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past issues of Radiological Health Data and Reports 
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tive enough to facilitate indexing. Names of authors 
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title. Affiliation of each author should be given by a 
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appropriate indexing terms should be given following 
the abstract. 
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Methods: For analytical, statistical, and theoretical 
methods that have appeared in published literature a 
general description with references to sources is suffi- 
cient. New methods should be described clearly and 
concisely with emphasis on new features. Both old and 
new methods, materials, and equipment, should be 
described clearly enough so that limitations of measure- 
ments and calculations will be clear to the readers. 
‘Errors associated with analytical measurements and 
related calculations should be given either as general 
estimates in the text or for specific data in appropriate 
tables or graphs whenever possible. 
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reduction to printed page size (8% by 6% inches). 
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size, and exponents and subscripts should be clearly 
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Symbols and units: The use of internationally ac- 
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of preferred usage may be found by examining recent 
issues. Isotope mass numbers are placed at the upper 
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